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l.b  INTRODUCTION 

This  document  war  prepared  to  compile  an  abbreviated  r  1  -sign 

information  uccful  to  the  preliminary  or  conceptual  design  c.  '  -.ecu-  T  ..  intent 

ic  not  to  present  methods  with  which  an  engineer  can  design  at.  actum).  interface 
Joints  on  missiles,  but  to  assemble  in  one  document,  a  crocs-3ection  of  state- 
of-the-art  designs. 

It  is  recognized  that  a  design  engineer  can  arrive  at  a  feasible  design 
of  a  missile  Joint  with  no  assistance.  However,  this  takes  a  certain  amount  of 
time  depending  on  the  type  of  Joint  and  its  use.  The  engineer  must  investigate 
the  loads,  environment,  cost.,  etc.,  or  else  he  must  initiate  a  literature  search 
to  see  what  similar  Joint  has  been  used  successfully  in  the  past.  With  this 
document  a  designer  will  be  able  to  select  a  feasible,  proven  Joint  design  using 
only  gross  loads  and  environment  data.  This  is  usually  sufficient  for  prelimi¬ 
nary  or  conceptual  design  work  since  loads  and  environment  data  are  usually 
estimates  at  this  rtnge. 

The  format  of  the  document  has  been  prepared  to  facilitate  this  task  as 
much  a6  possible.  For  each  Joint  a  sketch  is  given  with  dimensJons  if  possible, 
the  loads  to  which  the  Joint  is  designed  and  the  environment  tc  which  the  Joint 
will  be  subjected  are  summarized.  Also,  a  short  written  description  and  project 
use  ic  provided  to  give  information  on  what  type  of  use  the  Joint  might  be  appli¬ 
cable.  Finally  references  ore  stated,  if  available,  which  will  allow  the  design¬ 
er  to  search  for  additional  detail  material. 

Comparative  data  are  provided  in  the  tables  of  Appendix  I  for  Joints 
intended  as  alternatives  for  a  particular  application. 
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\C  PAYLOAD  STAGE  JOINTS 

This  section  c ovr  ■:  * :  e  /v.  ■  Of  otruc v .-p.l  J-'dntr  •le-.lgi.cJ-  to  (  1  ) 

attach  the  paylo.ua  to  the  ooos ttr ,  (2)  separate  the  payload  from  its  booster, 
(3)  attach  the  pay  loan '  r  .-meant  cover  to  the  payload  or  booster  and  (4) 
separate  the  ascent  cove;  in  flight. 


Figure  2-1  schematically  shows  the  typical  locution  of  the  four 
typer,  of  joints  on  a  payload  stage.  It  should  he  referred  to  as  a  guide  to 
a  specific  type  of  Joint.  It  is  not  1 n fenced  that  a  given  application  require 
all  of  the  indicated  Joints  or  that,  they  be  located  as  showr  .  For  example , 
certain  ascent  covers  have  "ov er-the-top"  revoval  and  hence  have  no  longi¬ 
tudinal  separation  Joint.  Or,  separation  ana  assembly  Joints  may  be  integrated 
into  one  structural  Joint.  For  clarity,  all  Joints  are  shown  here  as  separate 
items  for  reference  or.  Figure  2-1  . 

u . 1  ASSEMBLY  JOINTS 

These  Joints  so.  -ve  to  provide  fieri  s  attachment  of  the  puyloao  to 
the  booster  or  the  ascent  cover  to  the  booster.  The  Joint  may  or  may  not  be 
integral  with  the  separation  Joint.  If  it  is,  a  cross  inference  to  that 
particular  Joint  in  Section  -?  .2  is  r.a-  e- 

.1.1  PAYLOAD  ASSEMBLY  JOINTS 

Tlie.se  Joints  ire  shown  on  Figure  d-1  to  be  located  or.  a  “'payload 
adapter , "  depicted  us  h  iruftruu  of  u  cone.  This  is  typical  of  satellite 
payloads  on  space  boosters  und  is  generally  applicable  to  cases  where  the 
payload  has  a  ditfercnt  diameter -than  the  Loostei  .  Where  diameters  are 
nominally  the  sucre,  the  payload  may  ue  attaches  directly  tu  tie  booster  and 


this  Joint  may  be  quite  simiLar  in  appearance  to  booster  interstage  Jointe . 
Both  types  are  shown  in  this  section. 
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.  J  ..  AlKJfcNT  cum  HtttKMIU.Y  jointt 

-*«1  U'C  .uck  wl.rue  Jitnt.u  nt  the  Intersection  oi  uh*  ooo«t«r 
oh  |'i;  |iV(,i  ;i 'nr.  Another  •'•uttnOti  locution  1;'  olreev  ultoehmerit  to  the 
l» »y  1  •  »-■»«*  .tf'r'i.  miieiH  wi  ll  ''rrui’r  u|'t«re:ti  u»  the  engineer  encountero 
ill;  t •» »*r 1 1 1.  mu  l  lo  lum».  'Hit  ooi. ui tl.uiH  or  Intercut  tire  how  much  oi'  the  payload 
.« *  .!,>  'v  iMVi'i'iv,  ,i  <i 1 1 Te mu  pliouo#  ol'  th«.  mission,  how  much 
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.*-*»* v  wJ  >i  (I  t.'iiu  in  covers,'  iti  i.htt  Hoct  I’.'i  . 
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2.2  SEPARATION  JOINTS 

The  ne.mrution  Joints  described  in  thin  section  provide  inflight 
release  of  the  payload  or  the  ascent  cover  from  the  missile.  The  Joints 
my  be  part  of  integral  Joints  conbinin,-  the  inaction  of  ufsser.ibiy  and  release, 
in  which  cute  n  cross  reference  to  ASSEMBLY  JOINTS,  Section  J.l  will  normally 
b<  ,iaai>. 


J.J.l  PAYLOAD  SEPARATION  JOINTS 

lliese  Joints  ure  commonly  located  Hb  shown  in  Figure  2- 1  or  at  the 
booster'  interface.  Both  types  will  be  shown  here.  In  some  cases,  additional 
mochar. torni.:  (ftprinr.s,  ordnance  thrusters,  etc.)  are  used  1  or  separation  impulse. 
Tiiese  will  !iot  be  discussed  in  this  document  and  mention  will  be  made  only 
when  neeesst.ry  to  show  clearance  or  functional  useociation  with  the  Joint. 
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ASCENT  COVER  SEPARATION  JOINTS 

Two  types  or  Joints  are  indicated  in  Flours  2-1,  the  circumferential 
tu'Ci  tl-.r  longitudinal  Joint,  'flit'  longltudlnul  Joint  ts  not  always  used, 
depending  on  the  mode  of  ascent  cover  deployment.  Both  types  of  device  are 
shown  in  this  section.  Coiw.entu  of  section  PAYLOAD  SEPARATION  JOINTS, 

also  upply  here. 

1 .2.2.1  NOSE  CONE  SEPARATION  JOINT  (FIO.  £ ) 

Tills  letuil  is  ol‘  u  Joint  used  to  separate  the  nose  cone  of  the 
H1.BEX  missile  and  thereby  provide  u  high  drug  blunt  nose  exposure  to  the  uir 
sti  eun. . 

’Hie  Joint  is  un  uncomplicated  design  similar  in  n«ny  respects  to  u 
fabrication  Joint  -  two  skins  are  butted  together  arm  bolted  min*-  bolts  and 
nut  platen.  The  separation  is  Bore  with  a  linear  shaped  charge  which  expends 
its  energy  primarily  in  one  uirection,  in  this  case  outwura,  to  cut  the  nose 
cone  StUrt.  This  impulse  Is  sufficient  to  make  the  physical  break  but  not  to 
effect  total  separation.  To  dc  this,  n  gei.erutor  und  thruster  is  used 
to  "blow"  the  two  pieces  apart. 

For  additional  detuils  of  the  orunance  u6ru,  "efer  to  section  ‘j .  1  . 
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j.O  BOOSTER  STAGE  JOINTS 

Tills  section  includes  the  variety  of  structural  Joints  designed  to 
(1)  enable  the  assembly  ana  disassembly  of  missile  segments  for  purposes  of 
manu fact. are,  transportation  and  naintenance  in  the  field  and  ( 2 )  enable  the 
staging  separation  necessary  for  the  missile's  mission  flight  profile. 

Figure  j-1  schematically  shows  the  typical  location  of  the  Joints 
on  a  missile  booster  segment  and  interstage.  Ibis  is  representative  of  any 
stave.  It  is  not  intended  that  a  given  application  require  all  of  the  indicated 
joints  or  that  they  be  Located  as  shown,  n £  an  example,  an  inflight  separation 
function  and  a  field  joint  may  he  integrated  into  a  single  structural  joint. 

For  clarity,  all  Joints  are  indicated  as  separate  items  on  Figure  3-1 . 

j.l  ASSEMBLY  JOINTS 

The  assembly  Joints  described  in  this  section  are  those  used  to 
connect  segments  of  the  booster  to  each  other,  through  interstages  or  not. 

This  connection  mi;  ht  be  purely  a  shop  fabrication  assembly  or  it  might  be 
a  field  operation  cone  many  times.  The  joints  way  be  Integral  Joints  us  in 
payload  stages.  II  so,  cross  referencing  is  done. 

;  .  1 . 1  INTERSTAGE  OK  BOOSTER  ADAPTERS 

Tills  section  covers  the  assembly  Joints  made  between  one  booster 
stage  and  another,  usually  through  an  interstage.  The  Joints  are  usually 
referred  to  as  "adapter  rings"  and  commonly  form  the  interface  between  two 
manufacturers .  These  rings  any  be  purely  assembly  or  may  be  integrated  with 
a  separation  joint,  if  the  location  is  one  where  staging  is  desirable.  Both 
types  are  covered  here. 


ShR  1 


-  ?  *  0  7  !|)4 


USE  FOR  DRAWING  AND  HANDPRINTING  —  NO  TYPEWRITTEN  MATERIAL 


STUM 7A7? 


RFV  !  ■  R 


3 • 1 •  1  •  1  Interstate  Adapter  Assembly  Joint  (Fig.  3-1.1-1) 

Itiis  joint  detail  is  a  section  through  u  circumferential  joint 
used  on  the  Mlnuteman  missile.  The  dimensions  given  are  typical  of  the 
Stage  1  -  Stage  2  interstage  as  are  the  diameter  and  cross  section  area.  The 
rin./s  characteristic  ..hape  is  also  typical  of  the  Stage  2  -  Stage  3  interstage 
on  Minutemn.  For  reference,  the  numbers  in  parenthesis  pertain  to  that  ring. 

The  ring  is  a  dual  purpose  Joint.  It  permits  both  field  assembly 
ana  fabrication  assembly  in  the  shop.  It  also  functions  as  an  inflight, 
separation  joint  (Ref.  Section  3.2.1 .1 ). 

Two  bolt  circLes  are  provided  in  the  joint,  both  to  be  used  with 
bolt -nut  plate  combinations .  The  lower  bolts  are  primarily  fabrication  fasteners 
and  are  backed  with  standard  nutplates .  The  upper  bolts  are  for  field  assembly 
and  disassembly  and  are  backed  with  floating  nutplates.  Cork,  plugs  are 
commonly  used  to  replace  insulation  removed  during  disassembly. 

Structurally ,  the  main  ordnance  carrying  ring  is  not  the  primary 
load  carrying  member.  Compression  loads  are  reacted  by  a  butting  together  of 
the  interstage  skins,  tension  loads  by  the  tension  tie.  The  Joint  ie  designed 
to  react  all  boost  flight  loads  as  well  as  silo  overpressure . 

3 . 1  . 1  -2  Interstate  Adapter  Assembly  Joint  (Fig, 

Tills  Joint  is  designe-d  for  assembly  of  un  interstuge  (or  other 
structure  such  as  a  test  module)  on  top  of  a  booster  state.  The  assembly 
operation  my  be  uone  in  the  manufacturing  facility  or  the  field.  The  ring 
is  typical  ol'  that  used  on  the  Minuteman  program  to  Join  the  Autonetics 
Guidance  anc  Control  module  to  the  third  booster  stage. 
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The  ring  it3elf  is  riveted  to  the  interstage  structure  suid  forms 
an  integral  component.  The  assembly  operation  is  done  then  by  means  of  the 
bolts  and  nutplates  shown.  Nuts  may  be  used  instead  of  nutplates,  depending 
on  the  accessibility  and  "dropped -nut"  considerations.  Cork  plugs  are  commonly 
used  to  replace  any  insulation  removed  during  disassembly. 

The  Joint  is  designed  to  retain  its  structural  integrity  throughout 
boost  flight  loads  and  silo  overpressures. 

3 .1.1. 3  STAGS  TO  STAGS  ASSEMBLY  JOINT  (FIG,  j.  1.1-3) 

This  detail  is  a  section  through  a  circumferential  Joint  used  on 
the  HiBSX  Missile.  It  is  used  to  assemble  the  upper  stage  instrumentation 
package  to  the  booster.  The  assembly  operation  could  take  place  either  in 
the  fabrication  facility  or  a  munitions  field  facility. 

The  ring  is  riveted  to  the  lower  missile  stage,  which  is  made  of 
fiberglass  in  this  application.  The  upper  stage  is  attached  with  bolt-nutplate 
combinations.  The  Joint  is  designed  to  resist  extremely  high  boost  acceleration 
loads . 
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3.K2  MIDBODY  OR  MID -INTERSTAGE  RINGS 

These  joints  are  almost  entirely  used  integrally  with  a  staging 
separation  Joint.  Their  purpose  is  to  assemble  the  staged  segments,  usually 
in  a  fabrication  environment . 

3 . 1 .  f  .  1  I-t.  •  'U^ige  Assembly  Joint  (Fig.  3-?  ~-0 

This  Joint  detail  is  a  section  through  a  circumferential  joint  used 
on  the  Minuterran  missile.  The  dimensions  given  are  typical  of  the  Stage  1  - 
Stage  ?  interstage .  ( 

The  ling  is  a  dual  purpose  Joint..  It  permits  both  field  assembly 
and  fabrication  assembly  in  the  shop.  It  also  functions  as  an  inflight 
staging  Joint.  (Ref.  Section 

Two  bolt  circles  are  provided  in  the  Joint,  Doth  to  be  usee  with 
boit-nut  plate  combinations.  The  lower  bolts  are  primarily  fabrication  fasteners 
unc  are  backed  with  standard  nuts.  The  upper  bolts  are  also  rubrication 
assembly  listeners  but  are  bacned  with  floating  nutplutes. 

Structurally,  the  main  ordnance  carrying  ring  is  not  the  primary 
loud  carrying  member.  Compression  loads  are  reacted  by  a  butting  together  of 
the  interstage  SKins,  tension  loads  by  the  tension  tie.  The  Joint  is  designed 
to  react  all  boost  flight  loads  as  well  ,»a  silo  ovei  pressures  . 

3 . 1  .1  Interstage  Assembly  Joint  (Fig.  3. 1.2-5) 

This  Joint  detail  is  a  section  through  u  circumferential  Joint  used 
or.  the  Mit.utemun  missile.  The  uimensions  giver,  are  typical  of  the  Stage  2  - 
Stage  3  interstage. 
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3.  '  SEPARATION  JOINTS 

Described  in  this  auction  mo  the  variety  of  Joints  designed  to 
provide  inflight  sutpirin  of  <  missile  booster.  Kilt'  is  the  mechanism  which 
8epnrutes  a  bnrncv!  out  motoi  irom  the  reuxvlnlng  "live"  booster  stupes.  It  also 
muy  sppurAte  an  interstate  structure  fro;,,  un  asaooijvted  motor  case.  As  in 
most  of  t-hf  other  joints  described  in  this  document,  there  Joints  may  be  part 
of  integral  Joints  combining  ether  functions.  When  thin  ie  the  case,  cross 
referencing  to  appropriate  sections  will  be  made. 

3..?.)  STAGING  RINGS 

These  rings  function  to  eltlu-r  "stUi.e"  un  expended  booster  segment 
from  an  unexpended  one  or  to  separate  ur.  interstate  from  a  booster.  Figure  3- ' 
shows  typical  locations  for  this  type  of  Joint.  In  some  instances  they  are 
useu  in  conjunction  with  loi.gitud.lnul  Joints  t.o  «ex«rute  ami  segment  an  inter¬ 
stage.  Tills  is  covert'!  In  more  detail  in  Section  J.2.2. 

■'.1.1.1  Interstage  Adapter  Booster  Skirt  Removal  Joint  (Fig.  ^.T.I-I) 

'IMs  Joint  detail  is  a  section  1 hrough  a  circumferential  Joint  used 
on  the  Minute  nut:  missile,  lie  dimensions  given  arc  typical  of  the  Stage  1  - 
Stage  l:  interstage  as  are  the  diameter  and  cross  section  area.  The  ring's 
characteristic  shape  if  also  quite  typical  of  the  Stage  2  -  Stage  3  interstage 
on  Mir.uterjian .  For  reference,  the  numbers  in  parenthesis  pertain  to  that  ring. 

The  ring  is  a  dual  purpose  Joint.  It  provides  the  inflight  interstage 
j  skirt  removal  function,  working  In  conjunction  with  the  longitudinul  Joint 
j  descrioed  in  Section  3.2.2. 1.  It  also  functions  us  a  field  assea.bly  Joint 
j  (Ref.  Section  j.  1.1.1). 
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The  separation  impulse  to  provide  the  required  function  comes 
irom  u  linear  explosive  churge  •  ring  is  designed  to  contain  any  particle 

fragmentation  from  this  charge.  This  function  is  enhanced  by  the  use  of  a 
rubber-like  material,  PR- 19 1C  (DMS  5-62 )  which  can  contain  small  f»>ugmer  '■* , 

The  primary  Junction  of  the  materia L  however  is  to  absorb  much  oi  the  shock  of  the 
explosion . 

Structurally,  the  main  ordnance  carrying  ring  is  not  the  primary  load 
carry  In...  member.  Compression  loads  arc  reacted  by  a  butting  together  of  the 
stage  skins,  tension  loads  by  the  tension  tie.  The  joint  is  designed  to  react 
fill  boost  flight  loads  as  well  as  silo  overpressures. 


F: or  additional  details  on  the  ordnance  used  in  this  Joint,  refer  to 


Section  o .  1 


3.2.1  Booster  Staging  Joint  ( Fi ^  .  2  • . .  T  - 1 . 

This  joint  detail  is  a  section  through  a  circumferential  Joint  used 
on  the  Minutemr.  missile.  The  dimensions  giver,  are  typical  of  the  Stage  1  - 


The  ring  is  a  dual  purpose  joint.  It  provides  the  inflight  booster 
staging  function,  separating. the  upper  stage  from  the  expended  stage .  It  also 
functions  as  an  assembly  joint  (Ref.  3*  ••2.1). 


Hie  separation  impulse  to  provide  the  required  function  cores  from  J 

a  linear  explosive  charge.  The  ring  is  designed  to  contain  any  particle  fragment**' 
tion  from  this  charge  by  the  use  of  a  rubber -like  material,  PH- 19 10  (BMS  5-62) 
which  can  contain  small  fragments.  The  primary  function  ol  the  material  however 
is  to  absorbe  much  of  the  shock  of  the  explosion. 
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Structurally,  the  mu  in  ordnance  carrying  ring  Is  not  the  primary 
loau  carrying  member.  Compression  loads  are  reacted  by  a  butting  together 
of  the  stage  sklus,  tension  loads  by  the  tension  tie.  The  Joint  is  designed 
to  react  all  boost  flight  loads  as  well  as  silo  overpressures. 


For  additional  details  on  the  ordnance  used  in  this  Joint,  refer  to 


Sect  ion  t • 1 . 


3  .  •  1  .3  Booster  Staging  Joint  (FI;  ■  d.i.T-d) 

This  joint  detail,  is  a  section  through  a  circumferential  Joint 
used  on  the  Minuterrun  missile.  The  dimensions  given  are  typical  of  the 
Stage  2  -  Stage  3  interstage. 


The  ring  is  a  dual  purpose  joint.  It  provides  the  inflight  booster 
staging  function,  separating  the  upper  stage  from  the  expended  stage.  It 
also  functions- as  un  assembly  joint  (Ref.  3*l.d.2). 

The  separation  impulse  to  provide  the  reqUrta  function  comes  from 
a  linear  explosive  charge.  The  ring  is  designed  to  contain  any  purtical 
fragmentation  from  this  charge  by  the  use  oi  a  rubber-1  iice  .‘Kite rial,  PR-1910 
(BMS  5-62)  which  car.  contain  small  fragments.  The  primary  function  of  the 
material  however  is  to  absorb  much  of  the  shoe*  of  the  explosion. 


Structurally,  the  main  ordnance  carrying  ring  is  not  the  primary 
load  carrying  member.  Compression  loans  are  reaeteu  by  a  butting  together 
of  the  stage  nuns,  tension  loads  by  the  tension  tie.  The  joint  is  designed  to 
react  all  boost  flight  lou_e  us  well  as  silo  overpressures. 

fbr  additional  details  on  the  ordnance  used  in  tills  Joint,  refer  to  Section  5.1. 
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This  detail  is  a  section  through  a  circumferential  Joint,  used  on 


the  KiBEX  Missile.  It  functions  to  separate  the  lower  (booster)  stage  from 
the  upper  (instrumentation  package)  stage  during  flight. 

The  Joint  primarily  consists  of  a  circumferential  retainer  ring  bolted 
to  the  inside  of  the  fiberglass  skirt.  The  ring  contains  a  linear  shaped  charge 
designed  to  direct  its  energy  in  an  outward  direction  and  thereby  sever  the 
fiberglass  skirt  circumferentially.  The  retainer  ring  is  not  designed  to 
react  any  loads.  It  is  massive  enough  however  to  absorb  shock  from  the 
explosive  charge. 

For  additional  details  on  the  ordnance  used  In  this  Joint,  refer  to 
Section  5.1.2. 
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3.2.2  LONGITtnDIKAL  JOINTS 

These  joints  are  used  to  separate  an  interstage  or  other  missile 
segment  into  a  number  of  sections  for  remo/nl  from  the  booster  in  flight. 
They  are  longitudinal  rather  than  circumferential  and  usually  function  with 
a  circumferential  joint  (Ref.  Fig.  3-1  and  Section  3*2.1  ). 

No  distinction  is  made  in  this  section  between  separation  and 
assembly  Joints.  These  Joints  have  one  primary  function  which  is  separation. 
They  must  be  assembled,  of  course,  but  this  is  uifierentiated  from  the 
assembly  Joints  discussed  elsewhere  since  they  are  used  to  assemble  missile 
sections,  not  joints. 

3.2.2.1  Interstage  Longit.ua inal  Joint  (Piy.  3.2.2-1) 

This  joint  is  typical  of  those  used  on  the  Minuteman  missile 
to  split  both  the  Stage  1  -  Stage  2  and  the  Stage  2  and  Stage  3  interstage. 

It  is  used  in  conjunction  with  the  circumferential  separation  joint  discussed 
in  Section  3*2. 1.1.  The  dimensions  given  are  the  same  »s  both  interstages, 
the  only  difference  being  the  Joint  length.  Numbers  in  parenthesis  pertain 
to  the  Stage  2  and  Stage  3  interstage . 

The  Joint  works  simultaneously  with  the  skirt  removal  joint  which 
sepai  ..tes  the  skirt  from  the  upper  booster  stage.  At.  the  same  time,  the  skirt 
is  split,  into  four  sections,  effecting  both  the  axial  removal,  from  the  path 
of  flight,  and  the  racial  removal  for  clearance.  The  separation  impulse 
providing  this  function  comes  from  a  linear  explosive  charge.  Bit  ring  is 
designed  to  contain  any  particle  fragmentation  with  the  rubber-like  material, 
PP-lylO  (BK3  b-C2). 
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The  ring  is  designee  to  retain  all  structural  integrity  throughout 
fit  ht  loads  and  silo  overpressures. 

For  additional  let-tils  on  the  ordnance  used  in  this  Joint,  refer 


to  Section 
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4.  SMALL  MISSILE  JOINTS 

To  facilitate  the  task  of  the  designer  whose  Joint  concept  application 
is  limited  to  the  non- strategic  missiles,  this  section  is  restricted  to  joint 
designs  for  missiles  of  40  inch  diameter  or  less. 

Because  so  much  of  the  total  effort  of  misBile  design  involves  this  sise 
range,  this  section  permits  the  designer  to  investigate  joint  concepts  related  by 
design  loads,  function  and  environmental  considerations  similar  to  his  own  re¬ 
quirements  exclusive  of  the  larger  strategic  vehicles. 

A  look  in  greater  depth  than  usual,  is  taken  at  the  joints  used  on 
AOM-69A,  both  because  it  represents  current  developments  in  the  state-of-the-art 
and  because  lu  provides  an  overall  picture  of  an  approach  to  joint  design  a a 
applied  to  a  particular  vehicle. 

Supplementing  the  AGM-69A  concepts,  are  representative  joints  used  on 
other  tactical  and  research  missiles. 

4.1 '  AGM-69A  JOINT  DESIGN 

The  AGM-69A  was  configured  into  four  sections  to  facilitate  manufacture, 
assembly  and  maintenance.  These  sections  are  the  Payload,  Guidance,  Propulsion 
and  Control  sections  (Reference  Figure  k.l). 

4.1.1  THE  PAYLOAD  SECTION 

This  section,  of  raonocoque  construction,  is  provided  a  circumferential 
ring  at  each  of  three  separation  joints.  Its  structural  parts  are: 

I.  Impact  Fuse  Body 
£ .  Forward  Nose  Shell 
3*  Warhead  Section 

4.1.1.x  IMPACT  FUSE  BODY  JOINT  (Figure  4. 1.1-1) 

The  Impact  Fuse  Body  Interfaces  with  the  Forward  Nose  Shell.  The  aft 
end  of  the  fuse  body  has  external  interrupted  threads  to  permit  installation  and 
removal  from  the  Forward  Nose  Shell  by  rotating  the  impact  fuse  a  quarter  turn. 
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4, 1,1.1  ( Oontirwad) 

Riveted  to  the  forward  end  of  the  Forward  Nose  Shell  la  a  ateel  ring  designed  to 
accept  the  Impact  fuse  Interrupted  threads.  The  ring  la  assembled  to  the  shell 
using  a  sealant  on  the  faying  aurfaooa  and  fastened  with  monel  rivets  Installed 
using  a  wet  primer.  A  nylon  insert  is  installed  In  a  longitudinal  groove  in  the 
steel  ring  for  locking  the  impact  fuse. 

The  Joint  is  sealed  by  moans  of  a  synthetic  rubber  O-ring  located  in  an 
annular  groove  provided  at  the  base  of  the  fuse  body.  FMoe  body  is  torqued  to 
96  to  110  inch  pounds . 
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Figure  4. 1.1-1 
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,  P/UW  NAMS/UUMBER 

MATERIAL 

l')  Shell,  None  Section 
(25  A28<?99"  101- 11 ) 

2024-0  Aluminum 

QQ-A-250/4 

H.T.  -T62 

^sT)  Monel  Rivet  (8  pieces) 

MS  20427  MB 

Inspect  Fuse  Body 

2Q24-T4  Aluminum 

(20A11411-. 130-II) 

^  hj Front  Nose  Ring  Insert 

General  Purpose  Nylon  6/6 

(26A1353o  101-11) 

Per  L- P-410 

^5)  "0"  Ring 

MS  28775-140 

:  6  ) Ruder  Absorber 

V„./ 

Radar  Absorber 

(25A24020) 

STB  8-140 

^  7  )  Forward  Nose  Section  Ring 
(29A17139-101-11) 

4330M,  MIIr-S-8699 

Normalized  &  Tempered 

R.H.  C33  MAX 

H.T.  16O-I8O  Kai 

Collar,  Thermal  Nose  Gap 

( 2  (jAI  Jli  66-101-11) 

Reinforced  Phenolic  Molding 
BMS  6-72 

■  9 ) Sealant 

MIIi-S-8802  or  BMS  5-44 

/LO^  External  Insulation 

93-078  Silicone  Rubber 
tf/ 7#  Quartz  Nlcro  Crystals 
Dow- Corning  Oorp. 

Table  4.1-1 
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4. 1.1*2  BALLAST  SUPPORT  BULKHEAD  JOINT  (Pig.  4.1. 1-2) 

To  the  inside  of  tlie  forward  flange  of  the  circumferential  Forward 
Warhead  Ring  is  bolted  the  Ballast  Support  Bulkhead  Ring.  Three  1/4  inch 
diameter  shear  bolts  are  assembled  through  the  ballast  and  warhead  bulkhead 
flanges  only,  and  fifteen  are  assembled  through  the  nose  section  shell  as  well. 
Nut  plates  are  riveted  to  the  inside  of  the  ballast  support  bulkhead  ring  to 
receive  these  bolts.  About  the  outside  surface  of  the  aft  flange  of  the  Forward 
Weurhead  Ring,  is  riveted  the  Warhead  Section  Shell  using  24  monel  rivets. 

Access  to  the  eighteen  bolt  fasteners  is  provided  by  a  plug  in  the  6ilicone 
insulation  over  the  bolt  heads. 
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MATERIALS 

l)  Shell,  Warhead  Section 


2  )  Rivet  (24  places) 


If  3  )  Ring,  Fvd  Warhead  Section, 

*  I  S+.n+.-inn  .  TH 


Station  34.70 
(25A295^6) 

Rivet  (2  places) 


f  5 J  100°  Reduced  Head  l/4"Bolt 
'Sv->/  8c  nut  plate 

(^6^  Rivet 

7s)  Ring,  Ballast  Support 
-  '  Bulkhead 

.  8^) Shell,  Nose  Section 
v-''  (25A28299-101-11) 

9"')  Sealant 

W 

10  )  Silicone  Insulation 
(P/N  to  he  added) 


111)  Sealant 


2024-0  Aluminum 
QQ-A-250/4 
H.T.  -To2 

MS  204-27M6 

7075 -T73  Aluminum 
BMS  7-186  Class  III 


MS  20426D3 

BAC  B30EL4  [£> 

NAS  106444 

MS  20426D3,  2017-T4 

AI3I  1026,  Cold  Rolled 
Annealed  MH-S-7952 

2024-0  Aluminum 
QQ-A-250/4 
H.T.  -To2 

Eccobond  211 

93-078  Silicone  Rubber 
W/7 %  Quartz  MicrohCrystals 
Dow  Coming  Corp. 

MU.- S- 8802  or  BMS5-44 


B.  Design  Consideration  -  Nose  Shell  sized  by  missile  ejection  condition  pro¬ 
ducing  the  following  ultimate  shell  loads: 

a.  4,350  lbs  t  ansverse  shear 

b.  52,500  inch  pounds  bending  moment 

c.  150  in- lb  torsion  moment 

d.  33.6  psl  max  external  pressure 

e.  Design  temp.  260°  F. 

-6,  15  Req'd  (Through  3  ,  7  &  8) 

-5,  3  Req'd  (Through  3  &  7  only) 
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U ,1.1.3  DOUBLE  TAFRRED  SPIJJIE  JOINT  (figure  4. 1.1-3) 

Itiie  joint  was  designed  to  support  the  warhead  and  to  mechanically 
interface  with  the  missile  at  the  forward  end  of  the  electronics  section  by  means 
of  a  quick  disconnect  joint.  The  Joint  carries  the  loads  associated  with  support¬ 
ing  the  aft  end  of  the  warhead.  In  addition  it  aetlMt‘i#*e  the  design  considera¬ 
tions  shown  on  Figure  4. 1.1- 3. 

This  Joint  conf iguration  uses  internal  involute  splines  to  transfer 
shear  and  torsion  loads  to  matching  external  involute  splines  of  the  forward 
Electronics  Section.  Axial  loads  ore  transferred  by  removable  circumferential 
splines  which  seat  themselves  in  an  annular  groove  formed  after  the  Payload 
Section  is  Joined  to  the  Electronics  Section.  These  removable  splines  are 
installed  through  an  aperture  provided  in  the  aft  steel  ring  at  azimuth  4-5  degrees 
An  arrangement  is  provided  for  indexing  one  3piine  and  the  other  is  driven  into 
position  using  an  axial  force  of  100  lbs.  To  prevent  spline  backup,  a  tang  on 
the  spline  cover  plate  engage..-  the  transverse  aeration  provided  at  the  end  of 
the  spline.  The  spline  access  cover  plate  is  bolted  to  the  forward  Electronics 
Section  Ring  by  a  single  A-2S6  bolt.  An  0-Ring  in  the  aft  Warhead  Section  Ring 
forma  un  environmental  seal  after  the  Payload  Section  is  combined  with  the 
Electronics  Section. 
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A.  PART  NAME /NUMBER 

MATERIALS 

0 

Electronics  Section  Shell 

Steel 

4330  M,  MIL- S- 8699 

H.T.  160-189  KSi 

0 

Involute  Splines  (Part  of  5  ) 

0 

Double  Tapered  Splines  (2) 

Steel 

4130  MIL-S- 18729  Normalized 
H.T.  135-145  Kpsi 

>  20 

\ 

"0"  Ring 

Silicone  Rubber 

5 

Aft  Warhead  Section  Ring 

Steel 

4330  M,  MII^S-8699 

H.T.  160-180  Ksl 

s') 

Monel  Rivet  (60  places) 

MS  20427M6 

0 

Sealant 

MIL-S-8802  or  BMS  5-44 

,  3  ; 

Shell,  Warhead  Section 

Aluminum 

2024-0,  QQ- A- 250/4 

H.T.  -To2 

"  ‘*s 

9  i 

Plate,  Raceway  Extension 

Aluminum 

2024- t4,  Qft-A-250/lI 


10 

Monel  Rivet 

11 

External  Insulation 

93-078  Silicone  Rubber 

W/TSfi  Quartz  Micro- cry  stale 
Dow- Corning  Corp. 

B.  DESIGN  CONDITIONS 

a.  Transfer  270  K  in-lb  ultimate  body  bending  load,  10  K  lb 

ultimate  transverse  shear  load,  and  900  in-lb  ultimate  torsion  load. 

b.  Design  temperature  for  (a.)  is  250°  F. 

c.  Joint  to  have  Payload  Section  interchange  capability  within  30  winuke-s 
while  missile  is  in  carrier  rack. 

d.  Minimized  surface  steps  and  gaps  to  satisfy  radar  cross  section  and 
aerodynurd.es  requirements . 

e.  Design  must  net  compromise  volumetric  requirements  imposed  by  warhead 
and  electronics  components. 
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4.1.2  ELECTRONICS  SECTION  (Figure  4. 1.2-1) 

This  section  is  actually  an  assembly  of  two  sections;  the  Electronics 
Shell  forward,  and  the  Motor  Skirt  Extension  aft.  The  structural  Joint  components 
are  identified  as  follows : 

1.  Electronic  Section  Shell  with  an  integrally  machined  fitting  at 
the  forward  end  to  accept  payload  sections  by  means  of  a  quick 
disconnect  joint. 

2.  Motor  Skirt  Extension 

3.  Raceway  Fairing  and  Umbilical  Cover 

4. 1.2.1  ELECTRONICS  SECTION  FORWARD  JOINT  (Figure  4. 1.1-3) 

The  internally  machined  ring  at  the  forward  end  of  the  Electronics 
Section  Shell  is  designed  to  mechanically  interface  with  the  Payload  Section  as 
part  of  the  Double  Tapered  Spline  Joint  described  in  paragraph  4. 1.1. 3. 

4. 1.2. 2  MOTOR  SKIRT  EXTENSION  (Figure  4. 1.2-2) 

At  the  interface  of  the  Electronics  Shell  forward  and  the  Motor  Skirt 
Extension  is  located  th*»  E.ec:  rente  Support  Eluting  (  '>►*«»  Item  Jo.  j ) .  Thin 
structural  member  provides  a  mounting  surface  for  electronic  equipment  and  is 
machined  a6  an  integral  part  of  the  environmental  and  umbilical  systems.  Its 
circumferential  flange  is  fitted  with  nut  plates  to  permit  attaenment  of  a  con¬ 
ventional  bolted  spline  joint.  A  similar  joint  less  the  support  fitting  provides 
the  interface  between  the  Motor  Skirt  Extension  and  the  Propulsion  Section. 
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A.  PART  KAJC/NUKBER 

MATERIAL 

(  1  )  Motor  Case,  Fwd  Dome  &  Skirt 

Steel 

4335V 

(20A14004) 

Air  Melt 

Vacuum  Degassed 

Hit.  205-225kps 

~N 

2  J  Motor  Skirt  Extension 

Steel 

4330M 

(25A28087) 

MIL- S- 8699 

Hit.  l60-l80ksi 

3  ' Electronic  Support  Casting 

Aluminum 

v 

358- t6 

(25A28296) 

QQ-A-601 

4  i Electronics  Section  Shell 

Steel 

4330M 

(25A28613) 

MIL- S- 8699 

Hit.  l60-l80ksi 

3  ')  5/lo  inch  Bolts 

BAC  B30EL5-16 

(2  places) 

BAC  B30EL5-7 
(27  places) 

6^1/4  inch  Bolts 

NAS  1504-4 

(43  places) 

B.  DESIGN  CONSIDERATION 

Critical  condition  is  missile  ejection  which  produces; 

1.  Ultimate  bending  load  of  375)000  in  lb 

2.  Ultimate  transverse  shear  load 

of  10,000  lb  at  282°F 

Shell  temp. 

* 
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4.1.3  Control  Section 


This  section  Interfaces  with  the  Propulsion  8«oti?n  forward  and  the 


Tail  Cone  Suction  aft. 

U.  1.3.1  Aft  Motor  Case  Assembly  Joint  (Fig.  4. 1.3-1) 

Tnis  Joint  provides  the  mechanical  interface  for  attaching  the  Control 
Section  to  the  Propulsion  Section.  It  consists  of  s  forged  ring  welded  to  the 
aft  end  of  the  motor  casing.  The  Hydraulic  Manifold  Is  raountod  on  the  lnnlde  of 
the  forged  ring  aft  flange  and  the  Control  Section  Fairing  is  mounted  on  the 
outside  of  the  same  flange.  Tn  addition,  the  Nozzle  Shell  ia  swted  to  the  Aft 
M.tor  Case  Ring  and  mechanically  held  by  a  threaded  retaining  ring. 

4.1.  J. 5  Nozzle  Closure  fFig.  4. 1.3-2) 

A  nozzle  clor.ure  in  included  on  the  aft  end  of  the  nozzle  shell  which 
souls  the  motor  to  maintain  the  propellant  in  u  controlled  environment  prior  to 
motor  firing.  The  closure  ia  designed  to  rupture  cleanly  when  the  motor  chamber 
pressure  rises  to  175*  ^5  P«i  at  first  pulse  ignition.  The  closure  Is  bonded  to 
the  nozzle  shell  with  an  epoxy  adhesive.  The  surface  which  forms  the  outer 
periphery  of  the  nozzle  closure  forms  an  interface  with  the  Control  Section  Fairing 
4.1.4  Tall  Cone  Section 

The  single  Joint  of  the  Tail  Cone  Section  provides  the  mechunicnl  Inter¬ 
face  with  tho  Control  Section. 
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7.^  Motor  C«*e  Retaining  Ring 
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v  V 

Design  Co?nid«retlon* 

(To  tip  ndded) 


Mottrtrd 

Aluminum 

6061-Tfi 

W-A-36T 

Aluminum 
6061-0 
QQ-A-250/11 
Hit.  -T6 

1.?  bAC30FBU-7 
(thru  1,  h  5) 


Steel 

U?3^V,  Air  Kelt 
Vmouum  Degnneed 
Hit.  ?0S.tV5Kul 

Same  »n  (5) 

3nra»  n»  (5) 
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A.  Part  Name/ Number 

1.  Nozzle  Closure 

2.  Aft  Closure  Shell 

3.  Engine  Exhaust  Seal 

(26U135P8) 

4.  Tall  Cone  Attach  Fitting 

(PSA17132- ) 

5.  Seal  Retainer  Ring 

(?5A?8O0O-1O4-11) 


6.  Epoxy  Adhesive 


B.  Design  Considerations: 
(To  be  added) 


Material 

Steel 
6061 -T6 

Steel 
U335V 
Air  Melt 
Vacuum  Degassed 
Hit.  205-225Ksi 

Silicone  Rubber 
BM3  1-45 

Aluminum 

CW-A-250/4 

Aluminum 
6061-T4 
C&-A-2510/11 
Hit.  -T6 
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4. 1.4.1  TAIL  GONE  SEPARATION  JOINT  (Figure  4. 1.4-1) 

The  Tall  Cone  la  on  aerodynamic  fairing  attaolied  to  the  aft  end  of  the 
AOM-69A  missile  to  reduce  drag  force  during  external  carry  by  the  carrier  aircraft. 
The  tail  cone  remains  attached  to  the  missile  until  rocket  motor  ignition  occur* 
durring  launch.  Motor  ignition  causes  over-pressurization  of  the  tail  cone  shell, 
sind  at  approximately  33  pounds  per  square  inch  (pal)  internal  pressure.  The  Tail 
Cone  attachment  bushing  shear  out,  resulting  in  separation  of  the  tail  cone  from 
the  missile. 

Through  -  d  r*i  1  le  d  holes  in  each  of  throe  longitudinal  depreoaiona  in  the 
forward  portion  of  the  spun  shell,  provide  access  to  tail  cone  fasteners  at  00, 

180  und  300  degrees  azimuth,  for  the  assembly/disaosembly  function. 
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■  TAIL  coni:  SEPARATION  JOINT 


Reference :  AGM-  /.’A 

DA  AGM  GOlGO-l,  DP AGM  20148-1 


Fi  Gire  4. 1.4-1 


U 3  4602  1433  REV.  6/65 
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A.  PART  NAME /NUMBER  MATERIAL 


0 

> 

Doubler,  Tail  Cone 
(25A258288- 101-11) 

•» 

2024-0 
Qft-A-290/5 
H.T.  -To 

<b 

Retainer,  Tail  Gone 
(29A17190-101-11) 

606l-0 

Qft-A-250/H 

Bushing,  Tail  Cone  Attachment 
(29A17191-101-11) 

OObl-To 

Qft- A- 250/H 

® 

Plate,  Filler,  Tail  Cone 
(26A13529-101-11) 

6061-T 6 
Qft-A-250/ll 

H.T.  -T6 

© 

Rins.  Tail  Cone 
(25A28239- 101-11) 

2024-0 
Qft-A-250/4 
H.T.  -T6 

® 

Tail  Cone  Attach  Fitting 

(25A17132) 

202  4- T6 
Qft-A-250/4 

0 

Attachment  Screw  (3  places) 

MS  16998-28 

Nut  Plate 

BACNIOEN 

© 

Shell,  Tail  Cone 
(25A2 8291- 101-11) 

6O0I-O 

QQ-A- 250/11 
H.T.  -T6 

B.  DESIGN  CONSIDERATIONS : 

Fairing  to  withstand  local  aerodynar.de  ultimate  loads  of  21.3  psi  and 
Tail  Gone  jettison  ultimate  load  of  4130  lbB . 
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It. 2  SELECTED  SHALL  MISSILE  JOIlfPS 

Small  missile  Joint  applications  which  differ  from  approaches  used,  for 
AGM-69A  are  presented  in  this  section  together  with  such  design  data  as  was 
available . 

U.2.1  The  Exos 


A  three  stage  sounding  vehicle,  the  Exos  started  with  the  Honest  John 
for  its  first  stage.  A  ground-to-ground  artillery  rocket,  Honest  John  yields  very 
high  thrust  for  over  four  seconds.  The  second  6tage  used  a  Nike  booster.  Third 
stage  was  provided  by  a  version  of  the  'Riiokol  Recruit  known  as  the  Yardbird, 
which  had  an  acceleration  capability  of  approximately  80  g's.  The  Joint  used 
between  the  second  and  third  stages  serves  both  as  an  assembly  and  as  a  eparation 
Joint.. 

The  flared  skirt  on  the  forward  stage  and  the  coupling  casting  bolted  to 
the  aft  stage  (reference  Fig.  4.2-1)  are  both  threaded  on  the  outside  of  the  blast 
diaphragm.  Upon  forward  (third)  stage  ignition,  the  pressure  of  the  exiting  ga3 
bows  the  diaphragm  so  that,  the  threads  become  disengated  from  the  flared  .-kirt, 
and  a  clean  rapid  separation  occurs. 

This  system  is  generally  used  between  stages  which  are  fired  in 
succession  without,  a  coast  period,  to  avoid  large  drag  losses  caused  by  the 
relf tively  large  skirt  diameter  and  the  burned  out  preceding  stage. 
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U.3  The  Joint  Selection  Propose 

U.3.1  An  example  of  the  process  which  permits  selection  of  *  candidate  Joint 
for  •  particular  application  va»  the  ••lection  of  the  Double  Tapered  Spline  Joint 
(Reference  Pig.  U.  1.1-3)  for  the  payload /electronic  section  lnt*tfioe  on  AflM-oM. 
U.3.?  In  the  study  shown  by  Figure  U. 3-1,  nine  candidate  Joint  conceptr  were 
compared  against  a  weighted  lint  of  design  considemtlons ,  The  primary  candidate 
from  this  and  similar  studies  vas  then  compared  in  the  trade  study  of  Figure  t.J-*', 
which  enabled  the  designer  to  determine  which  concept  beet  suited  his  application. 

Notice  that  the  requirement  (Reference  fable  U,l»j)  that  the  Joint  permit 
exchange  of  the  payload  while  the  missile  la  installed  in  the  carrier  rack,  had  a 
significant  impact  on  the  choice,  since  the  spline  Joint  required  only  limited 
access  to  the  missile  body  to  permit  the  exchange  function. 
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4.4  All  OHI1IKA!  JOINT  'MICHT 

This  section  present*  *  Joint  •  on-ept  for  a  mlniile  of  approximately  16 
to  17  Inches  In  diameter.  It*  primary  purpose  i*  to  provide  attaohnent  of  a  pay- 
load  section  to  t.he  main  body  of  the  missile.  It*  capability  is  Intended  to  provide 
the  following: 

I.  Transfer: 

a.  270,000  in-lt.  ultimate  bending  load, 

b.  10,00*0  lb.  ultimate  transverse  shear  load. 

c.  O.tO  in-lb.  ultimate  torsion  load. 

; 

II.  Thirty  minute  assernbly/dltiausembiy  of  payload  Beet-ion  while  missile 
is  attar.  *'  f>  **arr ier  aircraft. 

III.  Mi nlmice  surface  gape  and-  steps  to  satisfy  radar  cross  section  and 
aerodynamic  requirements. 

IV.  Maximum  possible  internal  volume  for  warhead  and  electronic  equip¬ 
ment  . 


V.  Satisfy  I  through  IV  at.  a  design  temperature  of  270  F. 

|  4.4.1  DESCRIPTION 

The  Joint  consists  of  a  forward  ring  attached  by  rivets  to  the  nose 
section,  and  an  aft  ring  similarly  attached  to  the  main  body  shell.  The  aft  ring 
la  assembled  inside  the  forward  ring  30  that  twelve  bayonets  on  the  aft  ring  pas* 
through  twelve  slots  in  the  main  flange  of  the  forward  ring.  (Reference  Figure 
4. 4. 1-1).  a s  viewed  from  the  rear,  the  aft  ring  is  rotated  clockwise  through 
approximate! y  six  degrees  (6°).  This  draws  the  inclined  bayonet  surfaces  of  the 
aft  ring  flange  against  matching  surfaces  on  the  forward  ring  flange,  while 
forcing  the  principal  circumferential  flanges  of  each  to  bear  on  one  other.  While 
thus  held,  the  assembly  is  locked  by  installing  a  lock  bolt  through  lug*,  one  on 
each  ring,  which  have  be-n  drawn  together  by  the  rotation.  Access  is  provided 
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Tm i  i«  rn»ni»n«*  a  loin*,  on  apt  for  a  missile  of  approximately  It 

to  IT  Inched  In  diameter.  It*  primary  purpose  1  ■  to  provide  attaohaent  of  a  pay* 

load  section  to  the  main  body  of  the  missile.  It*  capability  la  Intended  to  provide 
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the  following; 

I.  Transfer: 

a.  P7u,00>J  in -.11  .  ultimate  lending  load. 

b.  10, i»'  it.  ultimate  transverse  shear  load. 

c.  '*.»0  ln-ib.  ultimate  toralon  load. 

T!.  Thirty  minute  aaseintl.V/  dl nauHembly  of  payload  section  while  mlaalle 

1h  at'.*.-  >'  »  >  >u"vl*r  aircraft. 

II’..  M.nlmlr.e  surface  gaps  and-  step o  to  satisfy  radar  cross  section  and 
aerodynamic  re^ii  rement  «  . 

XV.  Maximum  possible  internal  volume  for  warhead  and  electronic  equip¬ 
ment. 

o 

V.  Satisfy  1  through  IV  at  a  design  temperature  of  i?70  7. 

ii.U.l  DESCRIPTION 

The  Joint  consist.?  of  a  forward  ring  attached  by  rivets  to  the  noae 
section,  and  an  aft  ring  similarly  attached  to  the  main  body  shell.  The  aft  ring 
la  assembled  inside  the  forward  ring  so  that  twelve  bayonets  on  the  aft  ring  pass 
through  twelve  slots  in  the  main  flange  of  the  forward  ring.  (Reference  Figure 
I*. I*. 1-1).  hb  viewed  from  the  rear,  the  aft  ring  is  rotated  clockwise  through 
approximately  six  degrees  (6°).  This  draws  the  inclined  bayonet  surfaces  of  the 
aft  ring  flange  against  matching  surfaces  on  the  forward  ring  flange,  while 
forcing  the  principal  circumferential  flanges  of  each  to  bear  on  oneother.  While 
thus  held,  the  assembly  is  locked  by  installing  a  lock  bolt  through  lugs,  one  on 
each  ring,  which  have  been  drawn  together  by  the  rotation.  Access  is  provided 
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NOTE: 


The  purpose  of  these  early  and  preliminary  joint  arrongements 
is  to  provide  examples  for  the  trades  exercise  of  this  section. 

Their  principal  value  as  design  concepts  is  probably  that  they 
illustrate  features  most  to  be  avoided  in  joint  design  considerations. 
(See  text . ) 


4.4.1  (Contlnuad) 

by  alota  and  holaa  la  tha  raapaotlvt  rlnga  which  «ra  than  covarad  by  a  alggla  plata 

\ 

which  raatoraa  tha  axtarnal  contour  of  tha  body  uhall.  Tappad  aurfaoaa  on  aach 
ring  parmlt  t.ha  aiaaably  of  a  special  tool  (Rafaranca  Figura  4.4,1-p)  required  to 
aaceabla  or  dtaanaambl*  tha  aaotlona  axtarnally.  Tha  Joint  ' •  fabricated  from 
4 3 JO  MOD  ataal,  heat  treated  to  U'0,<XK)  to  1>JO,000  pal. 

4.4,;;  BVAIX'ATT ON 

The  oon-rap*  wao  ttubml  {.'.ad  to  Organization  r-Vit>o  for  a  preliminary 
evaluation,  the  result#  of  wnirh  are  provide!  on  the  following 
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GROUP  INDEX  Air  Carried  Missile*  -  Structures 

SUBJECT  Structural  Feasibility  of  Bayonet  Miuslle  Joint  Concept 

REFERENCE:  (a)  2-5167-0-201  Missile  Joint  Concept  Compendium  of  Missile  Joints 

In  a  preliminary  qualitative  structural  evaluation  of  the  missile  Joint  concept  of 
Ref.  (a),  the  concept  was  found  to  be  basically  feasible  from  a  structural  point  of 
view. 

In  the  analysis  of  a  typical  missile  Joint  application,  the  maximum  stress  In  the 
Joint  was  found  to  in  the  order  of  40$  higher  than  the  maximum  stress  in  a  normal 
cylindrical  section  of  the  missile.  Alaev  a  missile  vlth  this  Joint  compared  to  one 
without  has  approximately  a  20$  decrease  In  bending  frequency. 

A  recommended  change  in  the  Joint  from  a  structural  point  of  view  is  the  elimination 
of  all  sharp  corners  to  prevent  local  stress  concentrations. 

A  more  detailed  stress  analysis  of  this  Joint  concept  would  depend  on  the  specific 
configuration,  weight  distribution,  and  stiffness  of  the  missile  in  which  the  Joint  is 
to  be  used.  From  this  the  mode  shapes  and  frequencies  could  bs  found  and,  thus,  the 
effect  of  the  Joint  on  dynamic  loads,  control  interaction,  and  terminal  quldance 
effectiveness  could  be  determined. 
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y.O  DESIGN  CONSIDERATIONS 

There  are  many  design  requirements  and  coneideratianii  which  muat 
be  Kept  in  mind  when  selecting  a  Joint  <tcBiy,n  for  ndnailea.  Theae  arc  unuully 
unique  foi  oijoh  application  but  usually  IHll  into  one  or  mo tv*  i.»j*  the  i  nllowiiu; 
categories : 

(1)  Ordnance  Cupurat I  on 

(-1)  Raceways 

(3)  dealing  Joints 

(*0  E< tranr->M:.  Requirements 

(T-  b<  added  if  necessary) 

Each  ot  these  u r e u 3  can  be  the  5  ihject  of  ur.  entire  document  by  itself. 
Consequently,  no  attempt  ie  being  trade  to  tell  u  complete  story.  However, 
cei  tain  genei  h L  intormatio:1.  la  useful  for  the  ucs1,,n  engineer  to  consider 
when  maid rv  his  selection  and  Justifying  its  feasibility.' 

S'  •  1  ORDNANCE  SEPARATION 

Information  presented  in  this  section  is  largely  derived  from  the 
Boeing  Research,  document  D*:«.d+o1 3-I ,  Ordnance  Components  anti  Subsystems. 

Design  Guiue .  This  document  should  oe  reftrred  to  for  additional  details  or 
expansion . 

s  • »  .  1  TYPICAL  ORDNANCE  TRalN 

Figure  S.l.1,-1  shows  schema ticully  an  ordnance  train  uetd  to  stage 
an  expended  booster  and  remove  the  upper  stage  booster  skirt.  (Refer  also  to 
Figure  3-1  )•  Tills  figure  also  identifies  some  oi  the  ordnunce  components 

involved.  They  are  discussed  in  Section  5.1.2  and  pictorially  shown  on 
Figure  5.1. 1.-2. 


-  -V  FIGURE  5. 1.1-2 


1.  Safety  and  Arsing  Device 

2 .  Detonator 
3..  Booster 

U.  Safety  and  Arming  Device 
5 •  Booster 

6.  Delay  Booster 

7 .  Linear  Charge 
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FIGURE  5. 1,1-1 
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This  train  is  u  unique  coni iguration  for  one  application  and  is  not 
meant  to  be  universal.  It  gives  an  idea  of  the  influencing  factors  involved 
in  an  ordnance  separation  joint  design. 

The  sequence  of  events  which  take  place  in  this  particular  design 
is  as  follows: 

a.  Electrical  signal  activates  the  Safe  and  Arm  Device  (1)  which 
ignites  the  detonators  (2). 

b.  Hie  detonators  (2)  explode  and  ignite  the  linear  charge  (7). 

c.  The  linear  charge  (7)  exploder,  and  stages  the  lower  stage  booster 
from  the  skirt. 

d.  As  the  lover  stage  pulls  away,  it  pulls  the  lanyard  on  the  Safe 
and  Arm  Device  (4),  arming  it. 

e.  Safe  and  arm  device  (*4 )  ignites  the  delay  boosters  (6). 

f.  After  a  aelay  period,  the  delay  boosters  (6)  ignite  the  primary 
booster  (3j. 

g.  booster  (3)  explodes  and  ignites  the  linear  charge  (7'« 

h.  The  linear  charge  (7)  explodes  thereby  igniting  the  boosters  (5). 

i.  Tne  boosters  (>)  ignite  the  charge  (7)  which  explodes  and 
breaks  the  skirt  into  four  panels  which  are  ejected  by  the  force 
of  the  exp Id si on. 
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5.1.2  TYPICAL  OKDKAHCB  COMPOMEWS 


5.1.2. 


r. 'if (?ty  and  A r J nft  j\ ■  v  L r c 


Descrin!.  Mu 


Thv;  &vi  o  ty  i  ..G  A;v M>  A  A)  device  is  a  KF'ouunisja  which  controls  the 
r-Uc-'  and.  break  of  continuity  of  elccr.ri.-fL  firing  eireUi.ts  ar.u  the 
t*  * -*o  >  nd  1  * r t  . A*  ot  ca  Kc.fnuu.ly  ol  the  onpiosive  train  of  an  o run  an c e 
suor.ys ti  m.  One  variation  of  this  description  in  for  r.  siMlar  device 
containing  no  r  xplon j.v». •  or  pyrotc clinic  t :■  ter i <*1 .  Guch  a  device  has 
been  identified  ns  Safe  and  Arm  hwitch,  Ara-Disarm  Mechanism  and 
Safety  Switch,  nil  performing  the  name  function  of  make  and  break  of 
electrical  firing  circuits. 

Application 

The  Lt'A  uev .oe  is  incorporated  into  an  ordnance  subsystems  which,  if 
inadvertently  activated,  would  result  in  u  catastrophic  incident  with 
possible  loss  of  life  and  property. 

The  following  represents  a  sampling  of  subsystem  which  normally  do 
not  require  an  SAA  device. 

a.  Battery  activation 

b.  Ctrtriuge  actuated  devices  (crapped  piston) 

c.  Ilcplooive  valves 

<1.  ITplosive  cable  cutters 


V..:'  alow  no  ted  suosystevr,.  arc  oft  n  referred  to  €.*  "secondary"  or 

M  ,-T*  ^  _  -11  .  _  .  ,  , 

x*.  O- uii^iiCo  ^ra'.jy wiio  or^*..:;ce  ro^o'clon  ic 

completely  r-lf  convr.ined  when  n:Mv..tod,  (sec  Ref.  f).  Each  uub- 
syst-  n  n...ct  be  cv. , Traced  indiv  Madly  for  S&A  rce uireiaor.t,  however, 
since  a  f ••eda&ok  or  chain  reaction  frcri  an  activated  seconuary  sub* 
system  cua  lead  to  a  catastrophic  incident. 

The  application  c -  an  S.iA  ’Vice  to  an  orb  a. -ace  subsystem  should 
jjiOv.iic  ior  vuo  ..a-.  nii’  V't  w-*.*uan  .to  t.*e  inti.*.  ordnance  cnarge  or 
provide  for  a  low  energy  ne  sonata;  g  corn  connecting  link.  This  will 
allow  interruption  of  the  c.o.losiv  :  train  within,  the  SisA  and  assist 
in  s.aintalning  system  safety. 

In  nor/.?  cases,  where  direct  installation  of  the  BAA  or  connecting 
explosive  link  is  not  pessislo  because  of  space  or  ccnfi  prrr.tion 
restrictions,  it  is  permissible  to  use  an  S&A  devic.  containing  a 
fi*  ***..  loac.  output  wJiiit'C .Ui  ,  ».ocate.i  ns  close  to  the  o;\.n..aoe  as 
possisle.  Ir*  this  configuration ,  the  ordaar.ee  initiating  component, 
( ciuib  or  do  tor*'.  *  or)  would  be  installed  on  the  ordnance  charge  and 
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V'or  Icmyiu'd  eporaud  d£A  devices  th«'  follow! no  f'0t»  nr*  nonmlly 

k’OISdmltSU 

Ui  A  ml  it;  aV/wo  uml  urnVol 

b.  Initiator  brJOKfw.JM  ftriiv;  circuit  rtuijt.unuu 

r  ' 

o.  LtUi'v  JAA  or  nvnuud  aaic) 

The  UtA  will  not  be  tofltvd  after  1..  itnUntiun  *vn*i  connection  to  the 
electrical  »yat>  m.  On  Uto  tunutoww  program  however,  the  tiring  , 
circuit  iu  chocked  uft.rr  iiuitnllntton  while  the  tnlnciie  is  in  the 
lnunoh«'!»,  with  iJM  dovioea  in  the  aM't  poult  ion.  This  lo  aooortplished 
with  u  lend  veals tor  acroaft  the  firing  Icuda  within  tho  MtA  dovioe* 

Mo. 'tribal  oqui4»i:.  u\t  uued  to  tent  or-lriunce  firing  circuits  uhall  be 
current  Unit '  t»  on  output  not  to. exceed  100  m.tllitayi>«roo  for  one 
iiv  uuivl  in  o;'d  r  to  ovoid  «<  grout  n;;  U*o  performance  of  initiating 
oi^mrata,  Au'-*,;iv'.tic  cutoff  .should  bn  conotdcrrd  If  teat  current 
exceed  10  i.\illin:r,poi,oa.  for .more  la  tail  Information  hoc  5.1.2.U  , 
initlutoru, 

Jr.fety 

The  JclA  device  :.v.y  contain  tho  follow!  1.5  safety  ft  at  cr  00  to  prevent 
inadvertent  firing: 

a.  break  continuity  of  ordn.u'.oo  firing  loads 

b.  brou'.c  continuity  of  ordnance  train  (ordnance  incorporated) 

c.  Proviue  mechwiic<d  lock  in  ual'e  position 

d.  Provide  uhunt  aero ordnance  initiator  firing  leads  when 
in  the  safe  position 

To  uacurr  tho  rr.wcimu.ii  in  personnel  safety,  the  following  must  be 
considered  during  handling,  instillation  and  checkout  of  S3cA  device®: 

a.  Shop  personnel  training  and  fuiailiarisiutian  with  the  SiA 
devices. 

b.  Proper  uac  of  protective  equipment  during  functional  test. 

c.  Prohibit  cafing  pin  removal  except  during  functional  test 
in  teat  urea  had  when  ready  to  launch. 
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d«  I’rohi'ftit  arsalni'  of  rtwjcio  lu'tor  luomi3.otlor>  f;xccp^ 
dvirini;  iiuuw'U  couiu'owu. 

c,  Coiuluot  ft  firm;*  Vrvl  l.ftnardoM*  current  (i>o  volto^o)  Uut 
prior  to  ooimretu; ;  firing  l-:<vd  to  CiiA  device. 
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$nli9«2  KNpjLop'lyo  KqIcUto  Mohan  1  nu, ' 

U'"ar  I’ul 

Lvc  relon  ;«■'  ir. ■ehivninri.i  offer:  I.  '.•■•.V.atic  of  .itrucV  ^.w!  nog felons, 
I>nuri:J,  door.*,  :>o0 ly  i ::plo.. I.w  or  yut  •;  ire... .are  failure  of  V  - 
.via  in -In*';  hardware .  The  coar.in  ;v!)  et  ao  Ua;Uw<vro  used  lr.  explosive 
rdcu;  i’g  ftro  exploitive  bolts,  nciiftj'ut Lon  r.i.t;.'.  ( ,*uu  or  e::yi<„»iva 
actuated) ,  li.n'iir  ei.ai'bo  and  linear  shaped  chiu  y.  Tin'  dptoriptlon 
of  cui'h  type  of  rolmico  hardware,  arul  cocoon  uppl tcatiou  of  each 
typo  is  noted  bclo \f. 

a.  Kxplosivo  ;v.lt 


1.  1\-  •  cripLlo-. 

T.io  oydor.ivo  cult  ic  u  npceir.1  iiollow  bolt  which  ii>  fractured, 
by  an  internal  explosive  char y.  The  explosive  charge  la 
nors.'«l.ly  a  ui*jh  or.  cr  dei.ori; Cion  '.Tutorial  either  permanently 
.  loaded  curin  '.  tui'ii'.ix'c  or  inserted  later  ir.  the*  fom  of  a 
*  cartridge.  There  >uv  \y  different  uonfi.'urutior.s  of 
explosive  bolts ,  ;:u>ut  of  unich  h-vo  considerable  blast  and 
frivpaontation  when  actuated.  .  A  few  sr-nufucti-'ers  do  state 
1  hat  their  explosive  bolt  will  operate  with  no  bloat  or 
i'rujmentution. 

2.  •..•I d ion 

■  — . 

Explosive  bolts  arc  used,  .o  velecr-.u  t*-;.:'ion  »•;;«  shear  loads. 
The  f.f pi. cation  to  release  tn;..;.r  r.  .;u.rin,.;  uiuultWieous 
actuation  ol*  .tore  than  four  rci«  ftc  points  is  not  rccotmendod 
because  of  rcih.ti.ii  ■'•,/  p .•naliios. 

i'esi for  ex.O.o jive  bolt  appliehb Lcn  sherd  d  include  evcO.ua-  - 
tior.  of  js'Ud  rati.t;  v»  voi,  ht  and  envelope  of  the  bolt, 
weight  ana  envelope  of  structure  cud  for  shook  and  blast 
effects  'of  the  particular  bolt  'coins  considered.  Design 
for  installation  of  explosive  cartridge  after  bolt  instal¬ 
lation  in  cor.pleto . 

3  •  Topical  l.‘ . t '. a* t ; ; > 

a.  Deehuun  and  Whitley  Inc. 

'b .  Hole::  Inc . 

o.  Tel. -dyne  Lie  ,  McCo.uic  Selph  Division 
d.  Car erid'i j  Actuated  Devices  Inc. 

Ov  Precision  Technology  Iue.  l 

f.  Francis  Associates  Co.,  Francis  Associates  Ordnance  Co. 
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t*.  L'onnjc  Co.'p. 

!i.  v.uouxUo  li..U:i;trie.'i,  I'.-laoe  DiVj,»ion 

i,  Jpuoe  Eyr.  Tins  ino. 

j.  C'.nerjn  IVeoision  Inc. 

lu  Arl  Lrul  Co.,  ArlL.id  Jo.  ^Kjaents  Inc.  Division 
1.  li\plos  LvtdWLioio;y  Inc. 

in.  Allas  UiouiLoi.0.  industries  Inc.,  Ordnance  Material  Dept, 
ti.  01  in  MiUiicson  Chemical  Carp.,  Winchester-Western  Division 

4.  isubr.ygucM  ,  • 

Tor  information  on  the  firing  system,  coc  5.1.2. 4,  Initiator# 

5.  Test  M-thods 

See  5. 1.2. 4,  Initiators. 

6.  Test  iviuipi-ciit 

ijoo  5  ,1,2.4  ,  • 

*•*  '  0.,-V^W 

r>v:.i.;.ra  Tor  installation  of  explosive  or  pressure  cartridge 
after  bolt  installation.  For  Initiator  safety,  sec  5. 1.2. 4 
,  Initiators. 

U»";arat:  o.i  Hut 

1.  Pcsorlut':’  on 

flic  separation  nut  it;  u  special  nut,  designed  for  installation 
in  a  rammer  similar  so  a  rcjolnr  nut  it;  structural  joining 
c*vOop u  v'.iUt  1  u  tt  11X  *  {.*.*.■.;» 1  *  «;ie  aoau  ae  uUa\.<_d  by  an 

explosive  or  ca;'  c tne'rn&or  charge,  ‘in  the  preferred,  con* 
f  ivvuwt.iou  \:hc  e X plosive  or  L*ar.  generator  charge  is  contained, 
in  u  sopemte  component  to  be  installed  after  the  assembly 
operation  is  •  complete . 

There  are  several  configurations  of  release  nuts  ranging 
betveen  the  release  of  <»nj  and  fractured  sections  of  the  nut 
to  tho3e  which  release  no  gas  or  fractured  sections  when  . 
actuated.-  Each  type  v/ill  perform  a  satisfactory  release. 
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*’•  £a  .  , 

'flu?  rei*  %  >.?  ant.  unit  l'.«j  used  only  to  r*-loaao  tension  load** 
Uloarr.ur.'  !vd <s.  ;Vv  ;.'4>o  f.ln"  toll.;;  are  r«*iuir<Ml  to  >lL1qJ 
bolt  pull-out  ofcoj.  u\  } .  1 ... Miv  it;  ncu;r.«U’<i.  Shuar  loidg 
must  bo  coat  foiled  l-y  t»  1  •.*  *  •  >  s*  p :  a  a  cr  a  it  Jlnr  u..  an, ). 

Vauee  l'.ucn,;.'  imtn  rotuatod  by  h.i.;b  .1  >r  ca  i.or.ittou  Vlll,  la 
nor. t  ease.:.,  r«  leu  ,o  sou-:  explosive  b.Uub  to  the  uui'j oundlng 
ureu  but  a re  relatively  free  1V0..1  h.i;i,vf\d  fragnontution.  la 
one  application  Much  a  device  has  hoc  a  enclosed  la  *  light 
wc:ty, hi  container  ana  qualified  for  use  in  an  cxplosivo  atao*« 
p'norc .  Release  nuts  actuated  by  gas  prcaouro  will  reloaoo 
voi*y  little,  11‘  uny,  gas  und  will  generate  no  shock. 

Release  nuts  will  normally  or  io'ui  rated  in  accordnnco  Vith 
Vue  load  rating  of  the  lunling  r.tcwuUurd  bolt. 

Release  nut  app3.icutiv-a  to  re leucc  tasks  which  require  simul¬ 
taneous  actuation  of  rsoro  than  four  points  is  not  recommended, 
because  of  reliability  j.»?auvtic3. 

ry,  \  i 

3.  Typical  Source?* 

u.  Hi -Shear  Corp.  '* 

la  Quant ic  Industries,  ?cl:r.oc  Division 

c.  liolex  lac. 

»• 

d.  JB.  I.  DuPont  bouor.nvjrs  a  Co. 
c.  Space  Ordnance  Dysterso  Inc. 

f.  Conax  Corp. 

g.  The, Boeing  Cos-pony 

h.  Omega  Precision  Inc. 

4.  5ubsysx.era 

For  information  conceiving  the  filling  subsystem  see  5.1.2,4k, 
Initiators.  . 

5 .  Test  thods 

See  5 .1.2.4,  Initiators. 

6.  Test  Equipment  ’ 


Sec  5,1. 2, 4,  Initiators. 
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Vs  ign  for  laotfJLlation  of  cartridge  after  ruit  iaoukllotloa* 
id>r  in Ltttttor  uafety  evo  5. 1,2. 4  ,  Initiators • 

c .  Mnc.-r  Cher  •  ■> 

1.  IX-scriut  i< « 


•  1,  Incur  'Char^Oii  arc  re  latively  ligntiy  loaded,  continuous,- 
explosive  charges  •  -neated  in  :..e  tulle  or  plastic  tubular  con-  ■ 
toinorn.  The  linear  charge  in  also  known  as  MLLd  Detonating 
Kuso  (yj)l’),  Prim  Cord,  and  Low  Energy  Dttonutirig  Cord  (LEDC). 
The  or  plosive  specified  for  ,;.oct  installation?;  in  load  or 
aluitisnva  encased  HU/  or  PfcJI.T  because  of  high  reliability,  "  - 

low  cost,  •temperature  tolerance*  safety  and  a  high  detonation  - 
velocity  with  resultant  high  energy  shock  wave  release. 

2.  April  eat:  1  on 


Linear  explosive  in  unci  to  ru p turc* a tructur  ol  fittings  for 
separation  of  missile  sections  and  for  propagation  of  detona¬ 
tion  fro;.;  one  point  00  another  4  a-  an  explosive  subsystem. 

KjXv  explosive  has  been  qualified  for  use  at  altitudes  above 
LOO, 000  •*.  O C'  tj  Li 4  K,f.  *ii>  an  stage  •  separation  sy steal.  There 

lias  boor,  no  work,  done,  however,  to  verify  performance  of  any 
linear  explosive  after  long  exposure,  (up  to  one  year),  to 
spare  environments.  The  application  of  explosives  to  any 
task,  while  exposed  to  cryogenic  temperature,  may  cause 
extreme  porforisan.ee  variation,  sec  reference  d. 


Typical  gonreor. 


O  < 


a.  Inc  iins i onford  Co. 

b.  Explosive  Tccisnology  Inc. 
0.  E.  I.  DuPont  D.h'eVuOurs  Co. 


Linear  explosive  application  to  suer,  task.;  as  stage  separation 
or  pi.nl  ejection  tract  be  properly  in  or  grated  with  structure 
and  surrounding  equipment..  Consider  such  paruseters  as  shock, 
fra/ticntatioa,  explosive  blast  and  the  ejection  of  separated 
sections . 


<j4  4*0.  i  444  OHIO.  4*c‘- 


SHEET  ftL 


NUMBLR  II? 

RfTV  )  U< 


Taw  1  o.1i'lov:i fi..;  ic  a  1  ...r.  t  rut  <_-ru  Vi  on  .or  oeter-vlraflg  an 
cxplor- ivo  .loaul.n..:  r< ■cnir-  u  to  rupture  a  Moiiu.-;:..  type.  Joint. 
Ilia  equut -.on  ecu talus  thru  •  potential  variables;  explosive 
quantity,  cavity  sir.-.:  a  I  fitting  strength.  Xu---  final  sifting 
of  explosive  .Leal  fine!  s tru-taral  compatibility  can  only  be 
determined  by  develop.-vent  be;; tin,:;. 

*  (%}  (-oV)  {  V  )  ; 


whex'c  *  P  «  Pressure  to  rapture  explosive  cavity  (PSl) 

Hg  a  Heat  of  explosion  (H,„.  of  P.DX  «  1260  Cal/^ra) 

V/  »  iixplosivc  weight  per  foot  of  Joint  ( Grains) 

V  «=  Volume  ol‘  explosive*  cavity  (cubic  inchcc  per 
foot  of  joint) 

2.39  n  Conversion  eons teat 

Tie  linear  charge  r*.uy  be  into  a  Hinutcunn  type  joint 

after  completion  of  s  true-sure  us  eerily  through  ace  sc  panels* 
Care  must  bo  cxcrctacu  to  avoir  slurp  bonds  and  corners  in  the 
explosive  installation.  bosirr.  to  avoid  difficult  instal¬ 
lation  procedures  to  a:  'air.,  so  rxpiovive  nr.nc.Linv  \/hich  could 
result  in  itinJcs  or  other  yiiysicnl  adr:.n£e  to  tie  explosive. 

fie  linear  charge  is  d-.-tGuateu  by  r.  detonator  cost  ideally 
located  to  fire  into  tie  end  of  the  explosive  core  of  the 

The  only  tectir.T  possible  or  linear  cr.arye  is  x-ray  inspection 
o*  oxyu.ostvc  core  enrj;  a  .j Jtr'vt-o.y  emu  o^  core  loaulr.G  rad 
an  explosive  output  test.  Tie  1.  .bora cory  and  output  tost  are 
both  destructive  in  nature  ana  will  ».;ive  only  -a  indication 
of  the  explosive  loauinj  of  tb  ■  uunple ,  unifor.lt /  of  explo¬ 
sive  loadinc  can  be  verific.i  *x.2y  by  destruction  and  rx-aavre- 
m *n t  of  the  tot. id.  xi'..ptx.  a—*  -C/  Oi  .su  i%ay  insf-v-v.  .on  0. 
linear  char, pc  shall  bo  accomplished  c.ily  ’ey  authorised 
operators  in  an  approve a  locution.  Tho  inspection  will  verily 
continuity  of  the  explosive  cavity,  the  prcocnae  of  explosive 
curt  not  be  verified. 
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fiuMiU-.U  hi- 
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L.-ibomi ovy  u:--l jr  ‘  :  o'*  linear  ehwgt;  './ill  require  r.V.y  chart 
n.  r.:vl»!a  (l  lo  5  inches  long)  'tahou  at  regale r  i: . ..  i“/nlr> 
throe  shout  the  total  XI..-..  nr  ci large  length*  ’.ino  short  lcngtho 
ore  \;-'j  .p»,  a  i*;div:L»l'.i"sJ ly  trier,  subsv.rged  in  the  prefer  solution 
to  dissolve  the  <•  {plosive  flora  the  ends .;  ;va  t  material.  The 
oncvuierval  nr tc rial  ‘  .*.  alien  v< rlghrd  uni  the  vc.iyjit  difference 
i:-  recorded  no  the  wo  i.ght  of  o^loaivo  xv.now.l. 

The  explore.  v>  •  n;  n  precision  tuoulur  novice*  which  has 

ae«'n  developed  to  rup r.nr-j  ;cv.l  open  to  a  givoa  dimensional 
range  wh<  n  tv  lon..,tu  of  lix  ur  charge  of  proper  explosive  load 
is  letoii. '.  ..I'd  w  t ........  ‘.i»M  tauc  ♦  mronent  of  the  ruptured 

gauge  is  the  indication  of  explosive  output. 

Tiic  ;c-i*ay  and  laboratory  toot  will  normally  bo  accomplished  oy 
the  linear  charge  launufacturer .  The  gauge  test  my  bo  used  as 
an  acceptance  test,  using  a  sample  length  of  linear  charge  from 
* each 'cud  of  a  production  length. 

6 .  Test  Eg  a  ip,;,  ut 

X-ray  and  laboratory  epuipunat  should  be  specified  by  the 
explosive  charge  sr  nufactoror.  VLa  o.slcsivo  output  gauge, 
if  required,  will,  be  developed  by  the  linear  charges  consumer 
to  bo  cod.pr.tiblc  with  the  explosive  output  required.  For  a 
sample  gauge,  nee  booing  Braving  29-19150  which  is  used  to 
measure  the  output  of  the  Miiiuteaar.  stage  separation  linear 


All  handling  and  uoc.ti..g  of  linear  charge  will  be  accomplished 
m  accordii.ee  with  t aiv-ri  explosive  handling  procedures. 
Testing  will  be  accomplished  only  in  approved  isolated  areas. 
(See  reference  b  <1  f). 

Linear  oia.~/*.;d  ..  m  .r. r 


ill'lZll (Ref.  FIGURE  5. 1.2. 2-1) 

Linear  shaped  eh.  .r,;ct  arc  ..irdlur  to  iter.  Linear  Charge, 
except  that  the  cross  section  is  shaped  to  focus  a  high  energy' 
stroitn  in  a  predetermined  direction  to  produce  a  cutting  action. 
Th.c  linear  shaped  charge  is  also  iaiovn  as  “flexible  Linear 
gi.aped  Charge*  (iLoC)'’. 

Annlicaslo i 

Linear  shaped  charge- (iLCf)  is  used  to  cut  a  structural  material 
for  vehicle  destruction  ;jtd  to  separate  sections  iron  a  vehicle. 
The  explosive  cutting  performance  is  prowictaLle  for  any  of  tho 
cooson  explosive  loads  except  at  cryogenic  temperatures.  (For 
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ROX  cL^j  LEAD  CONFIGURATION!  TSL  FLSC  . 


REFCRENCC 

E.-a  CO.  DRAWING 
E.-D.  CO.  SPECIFICATION 

CONSTRUCTION 

SHEATH  6%  At 

CORE  RDX  ( 

CROSS  WT  20- 2 


2-0-27 
T -007 -CO 


6%  ANTIMONVXL  LEAD  (iO  S'X  Sb) 
RDX  (MiL-R-SOS)  20  CP. AT  ±iO& 
20  2  GM/FT;  44.oVlOOQFT 


AVAILABILITY:  MANUFACTURED  IN  40  FT.  LENGTHS  AND  SHIPPED  IN  STRAIGHT 
LENGTHS  OF  UP  TO  20  FT. 


yy  '///;  /r/s> 

L-  STAND-OFF 


W,9W/y. 


PENETRATION  PROFILE 


■■gUllIRRI 

Buss 


■—BWiWlWlHI 

SBSh 


■11 

HBnnip 

sassgssati 


.040  .080  .120 

STAND-OFF  ( INCHES) 


fTSO.99-] 

o 


DIMENSIONS 

A  0.007'  MINIMUM 

Q  0.148'  ±0  003' 

C  0195*  *0  006' 

0  0.089'  ±0007' 

z  0.012*  MINIMUM 

F  0.054'  REFERENCE 
(X  02.5°  ±6* 

wore.  RAOiUS  or  ALL  SHARP  CORNtRS 
IS  LCSS  THAN  .002 


CUTTING  PERFORMANCE 
V  ‘  ■  1 

\  ■ TARC.CT-00C.I-T6  ALUMINUM 

|\  sTAND-orr 


99. 8  L 


Uj  99.0,- 
p|  96  .oj- 


0)  M-o- 
< 

cc  90.0 


ANALY2E0  FROM  «0  TCSTS 
iN  BRUCCTON  SEQUENCE 


,170  .176  .150  .189 

TARGET  THICKNESS  (’NCHgS) 


THE  ENSiGN-CICKFORD  CO- 

SIMSBURY,  CONN. 


FIGURE  5. 1.2. 2-1 
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n.ni  i  v,«,  Ik  r-  '  ..  i<  tvo  (>>.  .*'\y 'iCuiUo 

l  l*1,*-  ■'  HUi'i  I  it','  .'iji’i  u.)  , 

v.w  iiu. ...  ,  u;  iii  r, -at.  i .•  ■  t.  m* 

hU'i  i  lurui  .1.1  .  !y  l.  ,*m.. »«  i  (Its  i'. tv  .».  ,ii. 

JO'MU-tn  ntt  ,  i  s\,  't'!t  ,i  fern  •»  l  u.s  > ,  .■ !  h  .  ji1  0.)  t  V«* 

t  it-  lit.  l>‘l  >  1..,  V  ,i  It.1  »K  t,. 1  lt*J‘  t*  I4t  <  X  iU  vM  I.V' '  *:it  t* 

f'U'i  W  i  i  r,<  ;t,».  .’ItJ.  t'lVU'l  'wlun.l  du'ltli*  tmd 

1  iviU.'ii  t>,‘  r,.;  :  -Ir,  .•«  lin«Jvo.l.y  loiun,  Iona  them 

,10  ,,t' >tin:  of  vi*  i.t'i'  foot,  ..o  u*:t'u^,>ltrth  a true fcu rul 

t»op;.r«uivu  ..nowld  bo  >>vul »  m  d  oniv  fully.  la  n»'yty  cnacs,  a 
IIivom'  .'h<uy.'*  it'i»  «:)  ».i’  t)n*  iiW'  oxidouivo  load  cart  bo 
uV!>Ucl  In  a  M1..UU",;* lit  joint  without  tho  physical  com- 
pl ,U',.Ulaa#  of  innt,idi.in^  Kick:. 

fr.r  nu  vl.i.anv.Jon  of  iv  ',C  1.;  tho  destruction  of  nUsile 

V if u  u.Jtu,  iKi.it  liciuil  ami  aoliu  fueled.  In  this 
aiip.i  irtaiou  u  d.t.ia.  ('•»  ilvtrt  iiJtT.)  nysU-m  is  urii,  anoh  aide 
in.lt uiu  ««•>%.%. ted  fvo;.t  the  oUn'r  except  for  crossover 
•  ;•*.»  •  .  other  council  appii  tution  is  the 

«w'luu\i..ion  of  expound. riisalle  steles  or  sections  Iron  the 

.ICtiVC  .iUV.i'J  oO  rviw.UCO  t/O * 

j .  *rVi>I  O.C.  !J. 

a.  The  Huisr.-diokfuvu  Co. 

b»  o a .  .n.’i.'.'UV'-.n  ^.0,1  ..lit'  4>..c. 

o.  ‘LUplosivo  'bcoanolcoy  Inc. 

h .  fin'..  v.-.t.oin 

The  uppli.  cation  o.'f  K*UiC  so  sne  cut  tin.*/,  of  structure  for  separa¬ 
tion  ot*  ■.'.■wi  .  .‘ucf  will  bo  • d.. ...  by  cor.suj  tin"  tin?  man- 

VuVu- Unvr'a  du'/.n.  'f.ic  cuttiir,  function  of  Die  installation 
n’.tX’fUi  be  vovif...cd  by  to  t *  uvX  bn  :h  ciU'ccoo,  if  important, 

ni.oul'i  to  •'valuntob.  (ih.„  blast  protection  taay  in  sor.o  eases 
bo  ;.CniiaincA  by  a-otemiatinj  the  jet  stroma  after  euttins  is 
coiiplete  instead  of  atterp oiss  to  control  the  back  blast.) 

ii .  Toss  Mot^.eils 

DeVolopjicut  testing  only. 

1  •  ■ 

6 .  Tect  ii!quiT):'.:cnt 

As  required  to  support  devclopiacat. 


itfsMPp 


'Ml  .Mill  i< 
KfV  lii\ 


•  -  i  '<1/ 

!11  li  •  Jin i.l  lual/.tflra  f.ooor<lam;i.'  vlth  gt;n«i*aX 

oiWuli.Lt/.  juvocuuiv.:  do  r  c.\.do-iv<\';  no  au/o.lrjr.',  a  ted  ay  u.iacitflc 

i>!>o>:odUiX'.i  for  Li/.'  J.'X/wlou' -t:*  r.ya  L<:in.  (dee  R'.'iVrortCft  b  • ) 


BE 


Mil  *  f 1  fi'VW«l< 


NUM0I.R 
K’t  V  UR 


5.1.2.3 


Pcoi,  1 1  '?C 


IVaoriptlou 


Tho  booster  i»  nn  l  seating  exploa'lvc  or  pyrotoruiMic  component  of  •  "'* 
irod  orate  coaaitivity,  which  is  tv.-.d  in  the  oxpl  o.ive  or  pyrotechnic' 
train  to  c top -up  th"  energy  output  of  tho  primry  r.vvtorial  to  initiate . 
the  comparatively  insensitive  main  charge.  riV-  booster  maybe  ia  th$ 
form  of  pressed  pellets  or  ia  shaped  containers  as  required  by  a  '  •*’  ■<'■ 

partioulai*  system,  see  pace  63  for  additional  example. 

'  .  i' 

A null cation 


roosters  will  be  applied  to  the  initiation  train  of  explosive  component* 
to  stop-up  the  detonation  rate  and  energy  release  of  the  initiating' or 
dormer  component ■ to  a  level  required  to  detonate  the  base  charge  or 
receiver  component  of  an  explosive  train. 

Boosters  nny  also  be  applied  ..o  tho  initiation  train  of  a  gas  generator 
or  solid  propellant  motor  to  step-up  the  release  of  hot  gases  and 
burning  particles  into  the  min.  charge  for  more  rapid  build  up  of  main  , 
charge  gas  pressure. 

0 - 

In  both  of  the  above  systems,  the  booster  may  be  incorporated  only 
to  reduce  tho  total  quantity  of  sensitive,  primary  explosive  in  the 

initiation  components. 

In  the  development  of  new  explosive  or  gas  gonorrccing  oy3taa3,  it  is 
of » xx  possible  to  use  an  off-the-shelf  boo-tor  in  tho  initiating 
train.  Tnis  must  bo  done,  however ,  with  full  cooperation  of  the 
booster  mnuinoturer  since  an  incorrect  selection  could  compromise 
system  performance. 

Typical  do  '• 

“V. 

u.  s.  x.  iXu^out  iAvhcuaOur s  &  so. 

b.  Hercules  Powder  Co. 

c.  Universal  Match  Co. 

d.  Jet  Research  Center  Inc. 


Huh system 

Incorporating  a  booster  into  a  subsystem  requires  that  it  be  sensitive 
enough  to  be  initiated  by  the  initiator  or  domier  and  provide  the 
correct  output  for  initiating  tho  nc::t  stop  of  the  initiating  train. 
There  is  no  firm  ground  rvlc  for  applying  a  booster  to  an  initiation 
train,  iu  is  dependent  on  the  explosive  or  propellent  material  and 
configuration.  Each  subsystem  requirement  will  be  detcroinod  during  • 
development. 
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WUMill.H 
f<F V  Ilk 


m-  'V**  HH 


’t  i  f ,  ■  i.iiiv.u 

•jVstod  only  awr  in.;  :  ■.!•/.  l<*,wvni;  >-nu  cwptr.no  o  in  oaijuAQt^pn 

with  the  initiator  or  dun.t»*,*  1*5 in  l»  c  ....  .in  char,  ;c  or  n.cMv».T» 

T. '  ,"i  ^ 

Circulated  ayst  ,  pivoauro  char  be  r,  pivascro  :e,<l  inatrufunntatlon* 
Safety 

Uoo  normal  handliiig  procedure;*  in  accordance  with  roforoncc  b  and 
apcci.'il  procedures  required  i’or  the  particular  eystciu. 
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All  Mil  LA  ■»  •  I  *  •  •  ft  '..l  •  V.l  »•  .‘I'M.'  ,*).(.•  .*  Ill  ,1,1  •>»'  tlVkill. 

i't  i,«  ,* > ' v 1  v,' w ’  ’>,■  •«  *..r  l  i ,'a  *  iu ,  v  o.  bj  ,  V"'  !o.-vl  mono 

Li  :l  .  :u»  »';i.  Ui  nf  .‘Vi'lU.i  w‘i!«\  \.ul‘,a  iu  i  *,.»  LV  *Oii  ,l>-  to.  .fitlOA 

Of  t’l”  DUtt  ''UJi.V,-.  tr.M  "li.i.ruitor*  t:l  .U*:o  UftM  to  identify 
eomn  I'enioiwnv.u  Ji\  .i  n<  M.  v.'J*  -  t  '..vt.  i.y«to:.i  wu‘ eh  »*»  y*  l/,w  \  )  >'  t»i  ic  firot 
unit, a  fiivd,  Koi.'V.  r,  the  liivllw  ia  bniilciily  t hi  in.fi  not  notnil 

11  WOW. 

InHiutora  nco  i'Usnt.if  Uv!  V>y  th>*  foV*oHi'.;{  «!on:i;,.>n  umt,»  u; 

«.  ivt.cnat.ov  -  An  iuli.lu4.oi*  lor  led  with  u  hith  or«u*r  detonation  ,  f* 
baterinl  to  ltiLtiiu.iv  d' donation  in  in  ♦•*j»L.oaiv«“  ehurga. 

b.  -  to  lutainw  A' a  will,  a  fliu:»  <u\d  r.nn  pro, .no ln$ 

s.'Ati’i* ' ui  t>»  i., ;\i to  t. 'i'li.^.'utLon  tyv  ;  devie.  n  ouch  ua 
(;i  it.  t’liUii'i,  .vtv  i*4*j  c  motor  ignitor. i.  Vno  term 
Mi.\t;*V  .  ni:.4.%  vi  w,  .  'i  f.Lun.;t  term  moil  conversation* 

ally  by  .,  j, ,  >  u>  identify  tuiy  initiatLvj  di'vlet 

Ov'  a„ul  ourtriuf,.:.  (This  uuc  ex*  cute  a  Boitie 

,'or.Aiu'Uv. , ) 

o.  lYUvn*  -  Lie;  n«*i;vbu'v  unen  ,y  u.-„.  <. i\;';Ur,«tlonu  for  electrical 
o;*  u , >'L..*n.L  *.‘tl  i' .  1  in; tin ton;  which  accomplish  tha 

«K..tlC  l\l.lC  wlOtiM  W4.  J  n  rxbcll  X*\  1  Wl.l  w  ilbOVO. 

TU*  !•«•?  ,v.v>  t.’u  baaic  typo.;  ui'  el.  .•trloully  fired  Ini-clutor-s,  the  coa- 
wntloiwii  h>i  wi.v  : ..ui  tin?  i.-.v.iiO.iL/o  brif./*,  ■  v, ire  (o-v.’)  types »  The 
o.li  *>•'*{.;■ ■.  a; eo  icnl  f.mcv  Lou  o;*  oi-.i'l;  t y.»  *  are  ipuitu  similar,  however,  the 
ouut.Ml  aubcyaw'iao  differ  OoruiuoruV.'iy. 

Apa?  i ' : ; \  ^  l.i:\ 

A:*,  initiator  in  wnc.i  to  .u..u*t  vv,'i*y  ;o  a.  1;:.;  or  ileilt..  r.’n,.in'.l  i'uicbion, 
j  b  tr.iy  bo  yi  r  .i-j'.ontly  ;.n.;,Mibio.»  in  i.'.."  pyrot  *o..*ilc  or  o;;r’.onivo  train 
(AnOu  an  ..  yvi.v.r  in  u  riia*'  onvtrM,  ,e)  or  .».* t.i'ivnbiy  ueoicuoi  for 
tnjtn.il.it  I  o’  i  .iftor  the  reiuiilUtv**  oi  oho  uuLjyi»4.i:.:i  ,;aa  been  iuntalled 

u  l*  tViUi*  i  • 

nV< ]>.v-  ‘.’.ution  tiho.Ov.  to  u*c<.‘li<no  bhv  chance  of  a  iniecup 

V.<tvc4in  iLetc*:'i.'.t  .1/.  mi  *  dofir  ;  tyie  luiti.’.wora  'in  coy  inatulla- 

tion.  V'.ie  owr-  Ametionu  are  not  inierch-  aiV' .bly  mid  will  probably 
result  in  a  Malfunction  if  ir^'ropc-rly  upplrel. 

*  '.'.’no  upT'liontiou  of  inii.iufcrn  .,o  uystocu  whcvt  will  be  onpoued  to  space 
environw,-. .  for  lo.t;;  per.’ oui»  prior  to  actuation,  can  only  be  accou- 
pliahod  wjtji  r.orao  ri.,h.  Viiov,  •  Uu,.  beo.i  no  too  tire  accorpliohcd.  to 
verify  cnploaivo  or  nroi'-Lim-.t  perfomumce  after  such  exposure. 
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Me  a.’LwUy  i'tiv-l  tintin'. .nr.  r.:v  nor..."  1,1/  iuco^iwu-.t-'.d  into  a  ;suu- 
r,;/:uivi  in  .nii'U  n  ima.u.-r  Uvn,  i-in'  '.la  .o  ..vlanoy  in  uch.h'Vnl .  The 
iv.n:..  uin t.  o:V  a  w'luti.u  iimJ  seni't'' .*  of  power,  ti'-'J.  switching, 
iU,:0.  v.Lv!  \,i  olid  *.«•'  J  •  •ivdg.-v.;  i*fi: •  'Aij  w  -i.  hr  blge-wirci.  :v.y  ho  i»l* 
corporate!  nn  tvo  l*rid  pwj r  i:  quo  inlti..t<..’  or  two,  :s*.n?;l»’  bridge* 

v init.L. in  ;•  a*'  case  of  two  aingle  in’ligew Lvc-  initiator*', 
e l Uu*r  Initiator  -Tint  bo  cop ah j o  of  perform; iv.  the  complete  function. 


The  fo.1 loving  data  represents  coav out.  L.>:vil  initiator  electrical 
ehavnctorls ties  considered  io  bo  acceptable  by  no.; t  our. torn jT  iujcnai4#, 

(ate  referfuice  a  ajid  f  ),  These  characteristic.,  will  uscure  a  retJUroh- 
nblc  o-ovci  of  safety  ana  reliability.  For  information  on  procedures 
for  statistical  niyvlyais  of  performance  parameters  of  initiators, 
see  Reference  c. 


a.  The  initiator  shall  not  fire,  r.or  shall  performance  be  degraded, 
by  the  application  of  1  nr.porc/l  watt  power  to  the  bridgewire 
circuit  for  5  minutes. 

h.  The  initiator  shall  not  fire  ’when  an  electro-atntic  discharge  of 
i'5,000  volts  is  applied  between  the  brll'.ewirc  circuits  end  the 
initiator  case  from  a  pGO  mioro-rcicrofaraa  capacitor. 

c.  The  resistance  between  the  briJyewirc  circuit  and  case  shall  he 
>0  negoi..:.i  rf.niim.cn  when  luiasureu.  with  a  potential  of  1000  volts  ac 
or  pOO  voil3  uc. 

d.  Minimum  recommended  firing  current  shall  be  5  amperes. 

e.  Initiator  time  to  fire  s.hn  II  be  specified  in  accordance  with 
oyster.,  requirements,  (common  time  to  fire:  -  for  detonators,  less 
than  5  milliseconds;  for  gas  generator  time  to  pressure  rise  less 
than  10  milliseconds) . 

f.  Initiator  firing  systems  shell  be  full  floating  (2  wire)  systems, 
(chosls  return  vjaths  shall  not  be  vised). 

Initiators  shown  as  examples  vhieh  do  not  meet  these  requirements  are 
presented  as  envelope  samples  only,  performance  can  be  varied  to  meet 
requirements . 

For  complete  details  of  both  conventional  and  exploding  bridgeware 
(filiV/)  firing  systems,  sec  Reference  a. 

Test  Methods 

/ 

Tiie  initiators  shall  be  tested  for  bridgeware’  resistrr.ee  prior  to 
making  final  connection  to  the  firing  system.  Thu  test  shall  be 
accomplished  with  the  initiator  installed  in  a  protective  cuamber  to 
prevent  a  catastrophic  reaction  or  injury  to  personnel  in  case  of 
inadvertent  firing. 
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L!  < 

T*\  H'.i  .Lion  r-  f  i  .o  Vu*Ulr.<  -fire  r u  v'.vu  on  ire  Ini  !Vn  the 

Ini  ,.!  it*  r  C , *' ay.ii.>.;  vi i 1  ».*.•  -i.i-'j >.■:■•  i . i 5 1,\ ..ol y  prior  to  coinf^ctlo^1 

to  i V.e  ;iniUJ  .lor,  >•0  vr>ri  'y  ..  vol.a  \u  ’.s  present. 

Yho  teat  vP.  1  r’,..  l;  ,;,A’h  wav  in  •iic  cvuruv.' i/O r  against  cv  n\r  olnor 

wire  i'\vi  the  ^IvtuM, 

f'.vr.i-.  i'li1’! 

IbOt  f’rrL  retpu.'ed  $0  <»  follow;.* 

a.  A  protective  chu’.A  er  to  control  the  off cots  01'  Inadvertent  Initia¬ 
tion. 

b.  A  resistance  r  ioter  with  u  power  supply  short,  circuit  output  of  leo# 
tlnn  100  ;iillJ{u.ipa  iv.ui  r,  teat  eot  direct  output  of  lean  than  10 
aillianiwixa,  Certi  Lieut  '.on  for  use  on  ordnax.ee  eouponenta  will 

be  required.  (;’>ec*  Hoeing  .fetor  10-20944  or  equivalent.) 

c.  A  Iw  ii.tnfdtir.ee  AC-00  voltage  iw.  ter  c-rvtblc  of  detecting  ur*J 
indicating  voltage  within  the  e qu Lvn lent  ravex  of  5  to  150  nilli- 
nr;po  within  who  frequency  rti of  0  wo  15  rlxocycleo.  A  (prose 
indication  (circuit  broiler,  light,  etc.)  of  voltage  aoove  this 
level  is  roaoft.orded.  (Owe*  Boein j  enter  10-20994,  and  Boeing 
Wichita  utter-  A  3101.35,  or  equivalent.) 

Gafft-i  v 

a.  Hcnuliiv.'.,  tenting  and  lution  'will  he  accomplished  in  accord* 

an ce  with  reference  b  u.iu  n..y  specific  procedures  required  for 
who  particular  ays  tell. 


L>.  A  protective  cliarr.be r  v.lll  be  '•uou  during  electrical  testing. 

c.  Br lU|f*wiro  renin r.: ,aue  'v.- •.■.•aennt,  except  initiators,  will  be 
accomplished  only  \ri  hi.  •curr*-  uf  ivutou  Umt  equip  •  approved 
for  use  on  ordnance  co.4posK :f..s.  ('.the  brll,  <  wire  resi.su.mce 
:ii2asure::vnt  ..  \y  not  uc  posni  >Xe  on  IU.. initiator  circuits.) 

u.  ‘i’he  clectricnl  firing  lures  will  he  chocked  no  verify  shat  no 

oxtrar.cov.3  voltage  is  present,  pr-or  to  couuectin  j  to  initiators. 

3.  A  shortin'  plug  ir.l  II  be  i:..:  v'-ilei  on  nil  ini  tvuor  firing  lend 
connectors,  or  firing  leva  .i.us  will  to  twisted  togeu.or  on 
initiators  nos  equipped  wish  ecu  r. actors,  at  all  flues  during 
shipping,  storage  and  installation.  (f.BW  initiators  do  not 
require  a  shorting  plug.) 
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5 .2  JOINT  TRADES  EXERCISE 

Frequently  the  designer  Is  faced  with  the  selection  of  a  .Joint  concept 
from  a  number  of  available  alternatives.  The  uae  of  a  manufacturing  approach  to 
make  the  decision  Is  demonstrated  by  the  following  example  which  uses  case  seg- 
mented  Joint  concepts  developed  In  the  Minuteman  Program. 

5.2.1  MAEUFACTITRI NG  CONSI  DERATIONS 

The  six  Joints  shown  on  Figure  5. 2. 1-1  have  been  evaluated  on  the  baale 
of  produclbillty  in  terms  of  fabrication  time  and  the  relative  importance  of  the 
two.  All  Joints  are  considered  to  be  interchangeable  and  ultimately  producible. 

5.2.1. 1  SUMMARY 

Of  the  Joint  concepts  considered,  the  taper  pin  and  clevia  Joint  has 
been  selected  as  being  the  most  desirable  in  terms  of  procibllity.  The  Joint 
requires  more  installation  effort  than  some  of  the  others,  however,  the  findings 
indicated  that  initial  fabrication  time  far  outweighed  field  assembly  time  for  the 
program  concept  of  which  this  study  was  a  part. 

The  primary  advantage  of  the  taper  pin  and  clevis  Joint  design  concept 
is  that  it  somewhat  relieves  the  requirement  for  close  hole  alignment  that  moat 
other  designs  require.  This,  of  course,  reduces  part  fabrication. 

5. P.1.2  DESCRIPTION 

5. 2. 1.2.1  STRAIGHT  PIN  JOINT 

Joint  Concept  No.  1,  the  clevis  and  straight  shear  pin,  would  require 
both  the  highest  fabrication  time  and  the  highest  assembly  time  of  all  the  Joints 
examined.  The  reasons  for  this  are  the  extraordinary  dimensional  tolerances  that 
would  have  to  be  maintained  in  making  the  rings,  and  the  level  of  alignment 
precision  required  in  the  Joining  operation.  The  Joint  is  unlike  the  present 
Minuteman  Joint  in  that  the  fasteners  carry  the  compression  load.  This  requires 
that  there  he  a  close  (Class  1)  fit  between  pin  and  matching  holes.  The  Joint  is 
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5. 2.1. 2,1  (Continued) 

similar  in  concept  to  the  type  of  shear  Joint  used  for  Bomarc,  hut  Bomarc  had  a 
3  foot  diameter  where  this  design  is  for  a  10  foot  diameter .  Of  even  greater 
significance  is  the  method  of  assembly.  Where  Bonarc  Joints  were  assembled  only 
with  the  aid  of  elaborate  holding  fixtures  and  the  most  careful  attention,  It 
wou^d  be  necessary  to  assembly  the  Joint  here  considered  with  a  minimum  of  meaha- 
nical  aids  and  in  a  suspended  mode. 

To  insure  success  of  assembly,  the  dimensional  accuracy  of  the  related 
parts  must  be  near  perfect.  Normal  tolerances  for  master  tool  construction,  hole  ! 

coordination,  axial  .alignment  and  closeness  of  fit  between  pin  and  holes  must  be 
abandoned  in  favor  of  super  precision  work.  Increasing  accuracy  requirements  from 
thousandths  of  an  inch  to  ten-thousandths  of  an  inch  would  have  a  marked  effect  on 
fabrication  cost3. 

5-2.1 .2.2  TAPES  PIN  JOINT 

Although  at  first  appearance  this  design  concept  appears  t.o  be  about 
equal  In  complexity  to  the  straight  pin  concept,  in  reality  they  represent  opposite 
ends  of  the  producibility  spectrum  in  terras  of  fabrication  costs.  Although  there 
remains  some  question  as  to  whether  or  not  the  taper  pin  design  here  considered 
can  be  made  Interchangeable,  it  was  assumed  that,  a  satisfactory  design  can  be 
achieved.  Such  a  design  would  provide  for  a  positive  fit,  with  no  allowance, 
while  at  the  same  time  the  individual  part  tolerance  could  be  relatively  large. 

It  is  this  leas  precise  dimensional  control  that  brings  the  cost  of  fabrication 
down,  and  the  positive  seating  of  one  Joint  ring  on  the  other  (as  on  present 
Minuteman)  that  reduces  the  assembly  time. 

5. 2. 1.2. 3  TAPER  PIN,  THREADED 

The  threaded  pin  concept  is  more  expensive  to  fabricate  than  the  simple 
taper  pin,  because  of  the  threads,  tope  and  the  need  for  a  separate  tapered  insert. 
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J.fl.1.2.3  jContinu*d_ 

Threaded  pirti  «r«,  of  eouraa,  more  a object  Vo  damage  than  moat  other  hlada  of 
fAAttntra  and  tha  inaerta  would  have  to  tea  replaced  If  the  thread a  wart  to  la 
damaged. 

Aaaambly  tliaa  for  the  threadtd  iopar  pin  la  greattr  than  that  for  tha 
almple  Up* rad  pin  btaauat  a  more  precis#  allgnnsat  relationship  ouaV  ba  aohltvad 
prior  to  pin  loaartlon.  Oa  tha  other  bond,  dtsaaaenbly  should  require  lata  Uaa 
baoauaa  tha  pina  oaa  ba  extracted  directly.  Tha  alalia  taper  pint  nay  have  to  ba 
freed  by  a  p  dlar  device.  finally,  tha  effectiveness  of  a  tapered  thraadad  bolt 
particularly  In  vibration,  la  highly  questionable. 

*  5.i.i.i'.t  taj*i»  pxh  (auaa  cash) 

t 

There  would  ba  a  alight  lnoraaaa  In  fabrication  coata  for  thia  daalga 

ovar  a  similar  joint  typa  in  a  ataal  nan**  Tha  difference  would  ba  dua  to  a 

« 

requirement  for  apacial  drilling  procedure#  using  high  «pc*d,  diamond  Impregnated 
cutting  tool*,  and  an  expected  htghar  frequency  of  part  I’tJaoUon.  Aaatobly  tima 
ahould  ba  Identical  with  that  required  for  th*  ataal  oaav  application* 

5. 2. 1.2. 5  L0CK3TRIP  JOIlfT 

Tha  loehatrip  deulgn  la  modarattiy  more  expansive  to  product  than  tha 
tapar  pin*  Although,  likt  tha  tapar  pin  design,  It  can  ba  producad  using  normal 
fabrication  tolerance*,  It  haa  mart  aurftoee  and  mora  complicated  aurfaat  relation¬ 
ship*  that  nacaaalUta  tha  hlghar  fabrication  coat*.  because  or  lta  sal f •aligning 
oharaotariatlca,  it  requires  tha  least  aaaambly  tima  of  all  tha  daalgra  conaldarad. 
If  tha  frequency  of  aaaambly  and  dltaaaanbly  war#  to  ba  ralatlvaly  high,  tha  lock¬ 
atrlp  would  ba  a  good  daalgn  choica.  Iha  application  balmg  conaldarad  hara, 
however,  would  probably  not  warrant  it*  aalaotlon. 

5,2.1,?,6  L0CK3TRIP  (0U33  CA3S) 

Aa  can  raadily  ba  aaan  from  tha  drawing*,  tha  additional  complexity 
aaaociatad  with  attaching  natal  ring*  to  flbarglaaa  cat*  atruotur#  would  auibataa- 
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iially  contribute  to  the  cost  or  thin  design  concept.  The  assembly  tine  would,  of 
course,  be  the  aest'  m  that.  ror  the  other  locketrlp  Joint. 

1  ANAl  Y.U;i 

>•(  .1.  J.l  MKUTXVK,  PHonUClMUn 

\ 

The  direct  factory  manhours  aueoulated  with  the  actual  fabrication  of 
the  vnriouM  Joint  rind  benign  honrepts  tewl  to  very  over  e  rather  wide  range:  From 
3  40  manhour*  to  <tk>  manhours.  This  ie  u  ratio  of  8.n;>  between  the  costs  of  the 
aont  expensive  design  etui  the  leant  expensive.  Tooling  costs  were  not  Included 
because  of  the  uncertainty  of  amortisation  fee tore,  hut  if  they  had  been  considered, 
the  spread  would  he  even  greater.  The  design  concept  considered  to  have  the 
highest  fabrication  coete  would  also  require  the  moat,  expensive  tooling.  A  more 
detailed  explanation  of  these  statements  appears  later. 

MsurrvE  propucipility  of  engine  case 

SBOKSMTINQ  JOINT  CCNCEPTJ  I 


Joint  Type 

Partn  Fabrication 

Estl mated  Manhours 

♦Relative 

Produclbll  ity 

i. 

Stralgh*  Pin 

yoo 

P.65 

*  e 

Taper  Pin 

340 

1.00 

J. 

Taper  Pin,  Threaded 

500 

1.47 

4. 

Taper  Pin  ('lias;.  Case) 

400 

1.18 

5. 

l.ockatr  ip 

380 

1 .17 

6. 

Lockstrlp  (Glass  Case) 

TOO 

8.06 

figure  5.2.1-- 

*  Based  on  the  eatabli shuent  of  J .00  for  baseline  and  assigning 
this  value  to  the  lease  expensive  design. 
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5 . 2 . 1 .  *j . 2  RELATIVE  ASSEMBLY  EASE 

The  manhours  associated  with  assembly  and  disassembly  functions,  although 
much  smaller  in  magnitude,  vary  over  a  range  almost  as  great  aB  that  required  for 
part  fabrication.  Here  the  ratio  is  1  :  2.26  between  the  least  and  the  most  time 
consuming  concepts.  This  could  be  of  real  significance  if  assembly  and  disassembly 
became  a  frequent  occurrence,  and  In  any  case  is  important  from  the  standpoint  of 
possibly  prolonging  the  field  assembly  operation. 


RELATIVE  ASSEMBLY  EASE  ASSOCIATED  WITH 
ENGINE  CAGE  SEGMENTING  JOINT  CONCEPTS 


Joint  Type 

Estimated 

Assembly 

Manhours 

Dis-Assembly 

♦Relative 
Assembly  Ease 

1 .  Straight  Pin 

7.5 

7.0 

2.26 

2.  Taper  Pin 

4.0 

6.0 

1.56 

3.  Taper  Pin  Threaded 

6.7 

4.7 

1.78 

4.  Taper  Pin  (Glass  Case.) 

4.0 

6.0 

1.56 

5.  Lockstrip 

3.0 

3.4 

1.00 

6.  Lockstrip  (Glass  Case) 

3-0 

3-4 

1.00 

FIGURE  S 2.1-3 

*  Based  on  the  establishment  of  1.00  for  baseline,  and  assigning 
this  value  to  the  design  requiring  the  least  assembly  and  dis¬ 
assembly  time. 

5. 2. 1.3* 3  CONCLUSIONS 

It  can  be  seen  fro®  Figure  5*2. 1-2  that  the  taper  pin  Joint  concept 
is  the  easiest  to  fabricate,  and  from  Figure  5. 2. 1-3  that  the  lockstrip  Joint 
concept  is  the  easiest  to  assemble.  The  lockstrip  is  somewhat  more  costly  to 
fabricate  than  the  taper  pin  concept,  while  the  latter  is  about  1  .1/2  times  more 
assemble.  .  _ 
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5. 2. 1.3. 3  (Continued) 

There  are  no  doubt  oeveral  criteria  by  which  the  relative  importance  of 
these  different  manufacturing  operations  might  be  measured.  In  the  absence  of 
specific  direction  in  this  matter,  however,  cost  was  assumed  to  be  the  primary 
factor.  On  the  basis  of  cost  above,  it  would  be  necessary  to  perform  the  assembly 
and  disassembly  operation  12  times  before  installation  costs  would  exceed  Initial 
fabrication  costs.  Since  the  operational  concept  being  considered  calls  for  only 
8  removals  per  wing  per  year  after  initial  emplacement,  it  would  be  about  10  years 
before  assembly  costs  associated  with  joint  design  equaled  the  initial  coot  of 
joint  fabrication. 
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5.3  SKALINa  JOINTS 

When  Joint*  must  net  tut  efficient  set* lu  us  veil  us  structural 
member* ,  certain  p.enerul  practices  must  he  followed.  The  following  is  « 

"chock  lint"  which  the  engineer  can  use  in  his  design  development..  It  does 
not  cover  metal  neuls. 

(u)  Seal  in,  material  should  never  "work"  from  the  loads  pussin^: 
through  the  Joint. 

(h)  Shc-ut*  loude  curried  by  the  Joint  should  bypass  the  seal  if 
punn Idle. 

(c)  The  seal  ic  sut Jec tod  to  tlie  sui;.»>  thermal,  chemicul ,  ana 
pressure  environment  a*  the  rett  of  the  Joint.  It  must  he 
ueri&ned  for  ouch. 

(d)  Avoid  thin,,  narrow  tfutskcub .  T1 1 1 1 r  reliability  is  poor. 

Reliability  ts  oer.eitive  to  pres  no  re  re.iuirec  to  achieve  soul  which 
is  proportional  to  .  ueket  area.  It.  is  ilso  }  ro portion..,],  to  the  wiath  to 
thickness  ratio  ur.  shown  In  Figure  SJ-I.  Th.le  ti«-;ure  shows  the  minumun  etuling 
stress  require',  for  a  cork  and  r  sober  o/ABitet  material.  The  ciirve  is  essentially 
the  afctivf*  p-.)r  any  uinteriul,  the  only  utfierrmoe  be  in,’  u  vf>rt1cal  shift.  Figure 
indicates  the  relative  differences  between  many  materials. 
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6 .0  JOINT  DESIGNS  FOB  LARGE,  SEGMENTED,  FILAMENT  WOUND  MOTOR  CASKS 

Because  their  potential  is  so  great,  much  emphasis  is  currently  being 
placed  on  developing  large  segmented  rochet  motor  cases.  To  realize  weight  and 
cost  savings  from  the  use  of  fiberglass  in  such  applications,  a  lightweight 
reliable  mechanical  Joint  is  required.  However,  the  low  bearing  and  shear  strength 
of  resin  laminates  force  the  engineer  to  develop  unique  Joint  designs  encompassing 
metal  to  fiberglass  or  even  fiberglass  to  fiberglass  laminates,  capable  of  develop¬ 
ing  the  full  strength  of  the  basic  fiberglass  structure. 

6.1  MOTOR CASE  CONCEPTS  CONSIDERED 

6.1.1  In  this  section,  Joint  designs  are  considered  for  the  two  promising 
concepts  for  segmenting  filament  wound  rocket  motor  cases,  ill  istrated  in 
Figure  6. 1.1-1.  These  are  (a)  the  circumferentially  segmented  case  (or  segmented 
concept),  and  (b)  the  longitudinally  segmented  case  (or  modular  concept).  The 
segmented  concept  consists  of  a  forward  closure,  aft  closure,  and  cylindrical 
center  segments  connected  by  lightweight  pinned  Joints.  The  modular  concept  is  an 
assembly  of  several  modules,  composed  of  filaments  oriented  on  meridional  lines, 
that  form  portions  of  the  forward  and  aft  closures  and  are  mechanically  fastened 
to  the  forward  and  aft  polar  rings.  The  outer  cylinder  is  of  prefabricated  hoop 
rings  or  circumferential  windings. 

6.1.2  SEGMENTED  CASE  LIGHTWEIGHT  JOINT 

6. 1.2.1  Since  mechanically  fastened  Joints  are  necessarily  thicker  than  the  case, 
they  offer  greater  restraint  to  radial  growth  than  does  the  case.  If  the  Joints 
are  reinforced  with  steel,  tl  '  differential  growth  is  further  exaggerated  by  the 
contrast  in  elastic  moduli  (10.5  x  10^  psi  for  glass  va  30  x  10^  psi  for  steel). 

To  minimize  the  contrast,  use  was  made  of  the  ability  of  the  filaments  to  orient 
themselves.  If  the  Joint  is  located  at  the  tangent  point  of  the  closure  and  the 
cylinder,  the  rl'v-.ne  contour  and  its  filament  path  can  be  readily  calculated  to 
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6. 1.2.1  (Cont'd) 

obtain  the  rudial  growth  required  to  eliminate  discontinuity  forces.  The  case 
growth  can  bo  made  to  coincide  with  the  Joint  growth  by  using  the  critical  angle 
principle;  that  Is,  ac  the  wrapping  angle  exceeds  3/4  degrees,  the  ratio  of 
hoop  strain  to  helical  otruin  decreases. 

Because  rocket  motor  performance  requirements  for  most  applications, 
dictate  Joint  locations  und  winding  parameters,  the  Joint  concept  developed  was 
designed  to  provide  the  same  radlul  restraint  as  the  case.  Trade  studies  indicated 
the  clevis  type  Joint  of  Figure  6. 1.2-1  to  be  the  most  efficient  concept.  The 
clevis  Joint  is  composed  of  thin,  high  strength  steel  shims,  laminated  between  the 
helical  layers  of  the  case  with  the  hoop  windings  wound  outside  the  Joint  region. 

It  ahouid  be  noted  that  the  hoop  and  helical  windings  are  interspersed  in  the  cose 
and  that  the  hoop  layers  terminate  at  the  start  of  the  shims.  The  lnterspersion 
of  hoop  and  helical  windings  requires  un  external  skirt  attachment.  A  design 
analysis  of  the  Joint  is  provided  in  the  Reference  (a.)  document. (See  6.3). 
l. .  1 . H .  2  SKIRT  ATTACHMENT  JOINr 

0.1. 2.2.1  Experience  has  Indicated  that  under  the  influence  of  high  longitudinal 
strain  in  the  case  and  compressive  ..train  in  the  skirt,  a  pure  resin  bond  between 
skirt  and  case  is  unoatistactory ,  or  at  best  unreliable.  To  circumvent  this 
problem,  a  concept  was  developed  which  uses  a  layer  of  elastomeric  material  between 
skirt,  and  rise  to  reduce  sheur  stresses  and  improve  reliability.  This  Joint  is 
shown  schematically  in  Figure  6. 1.2-2.  A  free  body  representation  of  the  effect 
of  both  oklrt  Compression  and  Case  Growth  on  the  Joint  is  shown  on  Figure  6. 1.2-3. 
An  urmlysls  of  such  a  Joint  together  with  a  discussion  of  its  fabrication  problems 
is  Included  in  Reference  (a.). 
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6.1.3  MODULAR  MOTOR  CASE  CONCEPT 

6.1. 3.1  The  two  basic  eloraent a  of  the  modular  oonoept  art  the  module  and  the 
hoop  ring.  The  modules  art  preformed  and  prtoured  with  all  fivers  oriented  In  the 
longitudinal  direction,  extending  beyond  the  tangent  lines  to  form  cither  or  both 
domes.  The  domes  described  by  the  modules  oonslst  of  only  longitudinal  fibers, 
hence,  their  contours  must  describe  a  "no  hoop  load  dome"  which  is  discussed  in 
greater  detail  In  the  "Dome  Analytic"  section  of  Reference  (a.)  .  The  circumfe¬ 
rential  strength  of  the  cylindrical  section  is  supplied  by  hoop  rings  which  era 
fitted  over  the  assembled  modules.  These  hoop  rings  aleo  consist  of  precured  and 
preformed  unidirectional  .  lb.ira. 

6. 1.3. 1.1  MODULE  JOINT  (TYPE  A) 

The  toneion  load  in  the  module  is  transferred  by  shear  l.jto  steel  foil 
which  is  integrally  wrapped  with  the  module.  'Tt\»  foil  in  turn  carries  the  load 
into  a  bolted  Joint  connecting  tho  adapter  ring  (Reference  figure  t>.l.J«l).  The 
analysis  is  bu.iically  similar  to  that  presented  for  the  segmented  Joint  referenced 
in  6. 1.2.1. 

6. 1.3. 1.2  MODULE  JOINT  (TYPE  fl) 

This  light  weight  clevis  Joint  provides  a  unique  design  which  eliminates 
bending  and  assures  strain  compatibility'  st  the  polar  ring  equal  to  that  carried 
by  the  outer  plate. 

6. 1.3.1. j  FABRICATION  PHOPUMS 

Steel  sheets  designed  to  carry  bearing  loads  iu  the  Joint  areas  are 
laminated  between  the  glass.  Any  necessary  reinforcement  or  filler  cloths  are 
added  in  conjunction  with  the  steel  laminates.  When  loading  permits,  the  skirts 
are  wrapped  as  an  integral  part  of  a  hoop  ring  Instead  of  using  the  elastomeric 
bond  discussed  in  6. 1.2. 2.1  (Reference  Figure  6. 1.3-3).  The  following  requirements 
demand  extreme  care  in  laminating  the  steel  with  the  module? 
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6.1. 3. 1.3  (Cont'd) 

A.  Positive  positioning  and  holding  of  the  foil  fro#  winding 
through  cure. 

B.  A  smooth  transition  into  the  Joint  maintained  to  prevent 
bridging  or  winding  material. 

C.  Provisions  to  guarantee  that  during  the  cure  cycle,  the  greater 
coefficient  of  thermal  expansion  of  the  foil  is  recognized  and 
that  steps  are  taken  to  minimize  the  difference. 

D.  The  foil  shall  be  cleaned  and  primed  in  order  to  provide  a 
bond  capable  oi  carrying  large  shear  loads. 
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b  .2  RECENT  STATE  OF  THE  ART  DEVELOPMENTS  IN  THE  SHIM  JOINT  CONCEPT 

Building  on  earlier  technology,  the  Bend'lx  Corp.  conducted  n  study, 
the  results  of  which  are  presented  in  this  section.  It  is  considered  tvplenl  of 
similar  efforts  conducted  by  other  sources  and  represents  an  advance  In  the  state 
of  the  art  of  Shim  Joint.  Concept  development.  The  information  source  is  identi¬ 
fied  by  reference  h.  together  with  related  references  a.j  and  c.  through 
i.  of  paragraph  b.i. 

(>.2.1  ABSTRACT 


This  paper  describes  a  shim  joint  concept  that  was  developed  to 

improve  the  efficiency  of  joints  tor  attaching  to  composite  material  structural 
members.  The  shim  joint  concept  reinforces  the  composite  material  In  the  region 

of  the  joint  with  thin  metallic  layers  which  permits  employing  a  conventional 

shear  pin  joint  between  the  composite  members  and  a  mating  fitting.  Design 

parameters  are  defined  and  design  data  are  established.  Improved  methods  for 

fabricating  the  reinforced  tube  ends  and  improved  testing  fixtures  are  developed. 

An  advance!  optimization  technique  has  been  applied  to  the  design  el  the  shim 

joints.  it  is  shown  that  design  parameters  can  be  optimized  conveniently  by  the 

structural  synthesis  approach  in  de terming  the  minimum  weight  coni Lgurat ton .  The 

results  indicate  that  the  shim  joint  concept  can  he  successfully  applied:  to 

composite  members  without  prohibitive  attachment  weight  penalties. 

h. 2.1.1  INTRODUCTION 

It  has  been  determined  that,  structural  tubes  fabricated  of  composite 

materials  would  lie  lighter  than  tubes  made  from  more  conventional  materials  such 

as  steel,  aluminum,  or  titanium  alloys.  However,  even  though  structural,  members 
can  be  made  lighter  with  composite  materials  than  with  the  more  common  metal 

alloys,  the  weight  of  reinforcing  composite  tube  ends  and  joining  them  to  end 
lifting  will  impose  penalties.  As  a  result,  the  significant  weight  saving 

potential  of  composite  materials  may  tend  to  be  offset  somewhat  by  the  weight 
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pona  It  I  oh  Imposed  by  joining  tin’  lubes  to  end  I  li  t  Inga.  The  d-'Hlgn  of  efficient, 

I  i  kIiI  we  Ight  joints  between  compos  ll:e  lubes  and  ciul  fittings  is,  therefore,  n 

necessary  element  In  the  development  oi  composite  structural  components  and  requires 

t  ormi  1st  ton  oi  design  criteria  atm  ana  I  vs  is  t  e.  Im  lqucs  . 

The  dove  1  opi'u'ii t  oi  joints  tor  composite  ri.itcrl.il  structural  members 

has  boon  studied  cMcnstvclv  !>v  a  number  ol  Invest  tgutors .  Most  of  the  previous 

el  forts  have  boon  routined  to  eltner  bonded  or  mechanical  Joints,  ••■jwuvcr,  both 

oi  these  Joint  types  »  ossess  luheiinl  .limitations. 

This  paper  describes  .u  shim  joint,  coin  opt  which  eons  IderuhJ  y  reduetts 
these  limitations  and  Improves  the  oft  Ic Ionov  of  'bo  joints.  Ihe  basic  geometry 

of  Lite  shin  joint  is  presented  In  Figure  o. 11. 1-1.  Tin  shim  layers  uiv  of  uniform 

fliichness  and  constant  length  In  the  longitudinal  direction.  The  composite  tube 
end  is  separated  into  several  layers  ami  bonded  to  tlm  shim  layers  by  an  adhesive. 

A  single  i.  iri'uml  erent.  lal  row  oi  convent  Iona  l  shear  pins  is  used  to  transfer  loads 
from  the  composite  tube,  through  the  shin  lawns,  to  tbo  mating  part. 

'lost  oi  the  Information  present od  t  heroai tor  return  to  fiber  glass 
compos  1 1  e  tubes  subjected  to  lot. silo  loud.  However,  this  shall  not  be  inter¬ 
preted  as  the  limitation  oi  the  shi  ■:  ioiut  concept. 

I  he  .omposite  material  used  to  establish  design  data  consisted  oi 
AF- glass  ti  lament  and  Shell  (hemic.. i  I  'ompany's  38-  n8R  resin  system.  The 

shim  matt  rial  was  .VM « J  o  '>  steel  (ultimate  tensile  strength  dot)  hsi). 
n.d.l.?  ANA1.Y8  1 8  )F  ATTACHMENT  AREA 

Analysis  of  the  coni  igurat Ion  in  ;  1 gur e  6 .  E  .  1  ~  J  resulted  in  an 
extensive  list  of  potential  design  parameters.  Most  ol  the  geometric  variables 

are  doliucd  In  !  igurc  0 . 2 .  i  I.  A  complete  listing  of  geometry  variables  is 
presented,  below. 

a  -  distance  I rom  pin  row  centerline  to  tube  end 

D  (D.)  =  outside  (inside)  tube  diameter 
o  1 

I1  . (U..)  ~  outside  (inside)  tube  diameter  in  attachment  area 
oj  ‘  J 
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I)  (D.  )  =  outside  (inside)  pin  diameter 
op  ip 

i  =  distance  from  pin  rov  centerline  to  hack  edge  ol  shims 

L.  -  total  length  of  reinforced  attachment  area  (I.  +  L  ) 

L  -  length  of  reinforcing  ring 

I,  K  longitudinal  length  of  metallic  shim  layer  («  +  a) 

I.  =*  wall  thickness  transition  zone 

N  =  number  of  filament  layers  in  tube  wall  that  do  not  extend 
c 

into  the  attachment  area 

N  -  number  of  pins  along  the  tube  circumference 
P 

N  =  number  of  metallic  shim  layers 
s 

t  ~  thickness  of  the  adhesive  lavt  r  joining  the  metallic  shim 
a 

to  the  composite  material 

t^  =  thickness  of  composite  layers  which  do  not.  extend  between 

shims 

t  .  =  thickness  of  composite  layers  between  shims 

t  =  maximum  thickness  of  the  transition  length  circumferential 
r 

reinforcing  rings 

t  ■=  thickness  of  metallic  shim  layers 
s 

\1  -  circumferential  distance  between  pin  centerlines 

And  t!u  material  weight  densities  are  denoted  in  the  design  procedure 

as  follows: 

sjj  ~  density  of  the  composite  material 

-  density  of  the  adhesive  material 
a 

wjT  =  density  of  the  filler  material 

u  --.density  ol.  the  pin  material 
P 

-  density  ol  the  metallic  shim  material 
s 

Mechanical  fasteners  in  shin-  reinforced  composite  materials  produce 
much  the  same  failure  mode  as  in  metals.  The  following  analysis  considers  tnose 
potential  failure  modes  resulting  from  axial  tension  loads  on  the  joint.  Net 
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area  tensile  failure,  pin  hole  bearing  failure,  hoop  tension  failure,  shear  bearing 

tear-out  failure,  and  pin  shear  failure  can  all  be  produced  by  variation  of  design 
parameters,  failure  can  also  occur  due  to  excessive  shear  in  the  bend  joint 

between  the  shim  and  the  composite  material,  or  by  delamination  of  the  fibrous 

layers  in  the  tube  wall  thickness  transition  length. 

6.2.  1.2.1  NET  AREA  TENSION 

Joint  failure  may  occur  in  tension  along  the  pin  row  centerline  if 
the  net  tension  area  becomes  sut f IcientLy  small.  The  ultimate  strength  of  the 
net  tension  area  depends  on  the  ductility  of  the  metallic  shim  material  when  a 
low  elastic  modulus  composite  is  used.  The  composite  material  in  the  net  tension 
area  can  support  high  stress  if  the  shun  can  be  strained  sufficiently.  For  this 
reason,  the  combined  steel,  and  composite  areas  were  utilized  in  calculating  the 
net.  tension  area  stress. 


A.  -  (W  -  i>  ) 
t  op 


,  006 N  4  N  t 
c  s  s 


(1) 


J 


where  W  r-  V  )  , /N  .  The  ultimate  tension  load  is  given  by: 

o  j  p  ' 


P,  =  N  K  A  F 
ult  p  tu  t  tu 


(2) 


where  F  is  tlie  ultimate  tensile  efficiencv  factor  and  K  is  the  ultimate 
tu  '  tu 

tensile  strength  of  the  metal. 

The  allowable  tensile  stress  is  a  function  of  the  1)  /V.  ratio  as  in 

op 

lug  strength  study.  Flat  plate  tests  were  conducted  to  determine  tensile  allow¬ 
ables  and  results  are  presented  in  Paragraph  6 . 2 . 1  . 1  of  this  paper 
6.:;.  1.2.2  TIN  HOLE  HEARING 

Test  results  have  indicated  mat  hearing  failure  of  shin  reinforced 
composites  normally  occurs  as  a  result  of  shir,  buckling.  Ruckling  strength  is  a 

function  of  individual  shir,  thickness,  t  ,  and  the  unsupported  metal  span  length, 
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1)  .  The  hearing  allowables  arc  presented  in  Paragraph  6.2. 1.3  of  tills  paper  as 

a  function  or  the  ratio  D  It  .  The  allowable  pin  bearing  area  and  the  ultimate 

op  s 

tension  load  are: 

A,  =  N  t  D  .... 

br  s  s  op  (3) 

P  .  =  N  K.  A.  1-'  (4) 

ult  p  br  br  tu 

where  K^r  is  the  bearing  efficinecy  factor. 

Since  the  failure  mode  is  actually  one  of  stability,  the  degree  of 

restraint  due  lo  clamping  must  also  bo  considered  in  establishing  allowables 

for  this  failure  mode.  A  joint  which  is  tightly  clamped  by  a  threaded  nut  on  the 

pin  '..'ill  produce  much  higher  hearing  stresses  than  an  identical  joint  which  is 
not  clamped  or  restrained.  Clamping  of  the  flat  plate  tests  were  adjusted  to 

duplicate  that  expected  in  tin*  composite  tube  attachment. 

6. 2. 1.2. 3  HOOP  TENSION 

Hoop  tension  can  occur  when  the  pin  row  is  placed  too  do  -.  to  the 
tube  end.  Tor  unidirectional  composiu  plies,  the  tensile  strength  oi  the  glass 
epoxy  system  is  quite  low  in  the  transverse  directions,  therefore,  the  composite 
material  was  not  considered  to  bo  et  feet ive  in  transmitting  hoop  stress  during  the 
establishment  of  allowables.  further  testing  would  he  required,  to  establish 
allowables  for  attachments  which  incorporate  plies  oriented  at  an  angle  to  the 
member  axis.  liu-  allowable  is  tied  nee  in  terms  of  t'"e  shim  material  ultimate 
tensile  strength  an'  is  a  function  of  the  a/b  ratio.  The  hoop  tension  area 

op 

is  &  i  eon  by  the  fellowin...  expression: 


o  t  a 


(  !>  ' 
/  op 


The  ultimate  load  t  or  tin  joint  is 


P  .  --  N  K  A,  F 

ult  r>  lit  lit  tu 
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wliwr--  Is  ts.i  loop  tons  ion  o!  !  it  ioiK-v  tactor,  further  explained  in  Paragraph 

h. 2. 1 . J. 


h.2.1.2.4  SHEAR  HEARING 


Past  experience  with  lap  design  would  indicate  that  shear  hearing 
in t lure  could  also  occur  it'  the  pin  row  is  placed  too  close  to  the  end.  There 
were  no  clearly  do  lined  occurrences  ol  shear  hearing  failure  during  the  flat  plate 
Lest  series  of  this  study.  It  has  been  suggested  that  the  tubular  members  may 
be  more  susceptible  to ‘shear  bearing  tai Lures  since  the  tubular  geometry  possesses 
more  lateral  constraints  than  the  flat  plate  specimens.  Only  tubular  test  data 
can  ascertain  tnis  fact. 

6.2,1  .!'.!>  HON’D 

To  design  a  bonded  shim  joint  for  ultimate  loading,  it  was  necessary 

to  use  average  shear  strength  allowables  from  flat  plate  tests.  The  shim  area 

which  was  considered  to  ho  effective  in  bond  Is  shown  in  Figure  6. 2. 1-2  to  be  a 
function  of  both  a  and  •. .  Ar.  effective  bond  length  >  ,  was  defined  by  dividing 

the  shaded  bond  area  by  the  width,  W. 


W  (f  +  a) 


(a  U 


op 


v  2 

+  «  0  > 
8  op 


(7) 


W 


The.  ultimate  Load  for  a  shim  joint  is-  given  by 


o 

‘ult 


2N  A  F 
s  s  s 


(8) 


where  A  *  «  W,  rind  F  is  the  allowable  shear  stress,  defined  in  terms  of  the 
s  c  s 

effective  bond  length  fc  . 


b. J.  1.2.6  WALL  THICKNESS  TRANSITION  ZONE 

From  a  weight  standpoint,  it  is  desirable  to  make  the  transition 
Ion*,  th  as  short  as  possible.  As  the  transition  length  becomes  shorter,  however , 

the  radial  force  component  which  tends  to  separate  the  fibrous  layers  (delaminate) 
at  the  base  of  the  transition  iengtii  becomes  greater.  These  radial  forces  create 
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'i'liv  pins  art  loaded  in  double  shear  ana  the  design  require*  simply 

Unit  the  vP*o*M-  uh  t  loiui l  area  itv  large  f intu)>ii  to  ensure  that  the  shear  stress 

Joes  not  oxt’o  >i  the  ultimate  shear  atrengtn  of  t  So  material.  II  hollow  pins  nrw 
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whore  A  Is  flu*  pin  aivii,  n»ut  1’^  llu*  ultimato  shearing  strength  of  the  pin 
mater  Ui  l . 

h.M.  l  II Ai‘  PLATE  TESTS 

Tlu*  flat  plate  test  specimen  (figure  b.2.1-4)  wan  developed  to 


enable  inexpensive  determination  of  ultimate  strength  design  allowables  for  the 
'various  t allure  modes  in  a  shim  Joint.  The  presetted  of  free  edges  on  the  sides 
of  the  flat  plate  configuration  prevunts  exact  simulation  of  the  tubular  joint* 
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Flguri*  h.d.l***.  Five  U.U.!  i  iii  1 1  slovt  hIi  t  i  I  live  IS  Wiii'ii  used  hi  each  i»t  Che 

Util  plate  N|n>c Imvnts,  hut  t no  other  materials  wore  included  lit  varying  quant  it iui 

to  produce  (allure  moil  •*  s  wliirh  were  of  Interest.  Tin1  compos!  to  material  was 
composed  of  h,1'  percent  glass,  hy  volume,  and  i percent  renin.  The  W  dimension 
wtt 8  fixed  at  l.u  inch,  Also  tests  conducted  during  this  studv  have  Included  only 
longitudinal  libers  between  the  shlr.fi.  further  testing  will  he  required  to  deter¬ 
mine  design  ill  towahlo.fi  for  shim  Joints  in  laminates  having  fibers  oriented  at  an 
angle  to  the  loading  direction. 

The  specimens  were  loaded  by  a  pin  through  the  shim  Joint  and  by  a 
friction  grip  on  the  opposite  end.  The  shir,  pack  was  clamped  lightly  during  thu 
test  to  simulate  the  clamping  action  expected  from  a  metal,  fitting  mating  with 
Lite  reinforced  tube  enu.  The  specimens  were  loaded  to  rupture  to  obtain 
ultimate  strength  design  allowables. 

<•  2.1.J.1  NTT  AKi:.\  TKNSION 

The*  net  area  tension  data  is  shown  in  Figure  6. .*.1-3.  The  calculated 
stress  values  were  divided  by  the  ultimate  tensile  strength  of  the  shim  material 

to  form  the  net  tension  efficiency  factor,  K  .  A  mean  allowable  curve  Is  shown 

superimposed  on  the  test  data.  The  moan  allowable  Is  defined  in  terms  of 

D  /N  bv  the  expression: 
op 

K  * _ 79.3J _ (11) 

143./ 3  -  100  I)  /W 
op 

which  was  used  in  the  net  tension  area  failure  envelope  in  the  design. 

Data  points  denoted  as  "lower  bound"  values  arise  from  tests  in 

which  failure  occurred  either  in  a  different  mode,  or  in  a  combination  of  modes 
which  included  the  one  of  interest. 
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b.2.  i  .  i.J  UN  BhAixl.Ni: 

Figure  O.J.1-6  si  lows  *.lu-  1  lat  plate  pin  bearing  strength  data  platted 

versus  the  0  /t  ratio.  The  bearing  ultimate  stress  values  have  been  divided 
op  s 

by  the  ultimate  tensile  strength  of  the  shim  material  to  term  the  pin  bearing 

efficiency  factor,  K,  .  The  curve  was  derived  enpcriealiv  and  Is  defined  by 

nr  r 


br 


3.0  -  1^.8 


107-1)  /t 
op  s 


(12) 


liquation  12  was  used  as  the  pin  bearing  failure  envelope  in  the  optimum  design 
procedure. 

e- . 

Pin  bearing  failure  is  of  special  interest  because  it  is  more  ductile 
than  other  failure  modes.  When  structural  members  are  fabricated  from  brittle 
materials  such  as  fiber  glass,  it  may  be  desirable  to  design  the  assembly  such 
that  initial  failure  occurs  in  the  attachment  by  pin  bearing  to  avoid  catastrophic 
failure  of  the  assembly. 
b.2. 1.3. 2  HOOP  TENSION 

The  hoop  tension  test  results  are  plotted  in  Figure  6.2. 1-7  as  a 

function  of  the  a/D  ratio.  Again  a  mean  allowable  curve  has  been  derived  to 

op 

fit  the  test  data.  The  mean  allowable  curve  is  obtained  by 


3.173 


ht 


(13) 


a/D  +  0.6T) 

op 


which  was  used  as  the  hoop  tension  failure  envelope  in  the  design  procedure. 
6.2. 1.3.4  BOND 

The  effective  length  oi  bond  for  flat  plates,  i.  ,  was  defined  in 


terms  of  both  "f."  and  "a"  by 

».  =  (£  +  a)  -  a  0  -  tt  l)4" 

e  op  £  op 


U4) 


Figure  6.2.1 -8  shows  the  test  data  plotted  versus  the  effective 
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lungth.  The  solid  line  curve  r opr** Hunt  a  the  bond  strength  of  thu  Alf-ll  (IM 
Corporation)  adhesive  tape,  And  th«  dauhud  lino  curve  *hown  thu  bond  strength 

for  the  RR-J0U9-49  tack  primer  (Amur loan  Cyan Im id  Corporation).  An  algabralc 
equation  was  derived  to  fit  the  AF-111  ahear  strength.  Thu  curve  in  duflnad  hy 
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where  f  is  the  average  adhesive  shear  stress. 

The  AF-111  adhesive  film  produces  thicker  adhesive  layer  than  the 

BR-1009-49  tack  primer.  It  can  be  shown  (Reference  b,  pp.  10-12,  pp.  75-87)  that 

thicker  adhesive  layer  does  reduce  the  shear  stress'  concentration  factor. 

6 . 2 . 1 . 3 . 5  TRANS  TTION  ZONE 

Two  flat,  plate  speciments  were  fabricated  without  the  excess  trans¬ 
verse  f  iber  glass  layer  to  study  the  delaninat.  ion  failure  mode  in  the  thickness 
transition  zone.  The  specimens  did  fail  hy  delamination  as  expected,  and  the 
data  were  used  to  establish  allowable  stress  level  in  the  circumferential, 
reinforcing  ring,  design  procedure. 

6. 2. 1.4  OPTIMUM  OKS  ION 

A  feasible  design  is  one  that  behaves  satisfactorily  under  the 

specified  conditions.  In  general,  it  is  possible  to  find  more  than  one  feasible 

shir,  joint  design  for  a  given  composite  tube.  If  one  of  the  design  features  is 

taken  as  the  design  objective,  it  is  possible  to  find  a  feasible  design  which  is 

most  favorable  as  judged  by  the  design  objective.  In  the  present  study,  weight 
was  chosen  as  the  design  objective. 

6. 2. 1.4.1  DESIGN  CONSTRAIN* 3 

A  shim  Joint  is  considered  ieasible  if  it  satisfies  the  following 
design  constraints: 

1.  Net  section  tension: 
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fe.2.1.4. 2  OBJ iiCTlVl*  FUNCTION 

i'o  write  thu  objective  function,  the  of  each  Joint  component 

is  expressed  in  terms  ol  the  design  variables: 

J.  1'ibor  w;lass  composite: 
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i.  Uire  wrap  ring: 
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where  4  is  tho  pin  buigth  retpilrod  outsh.c  shim  pack  to  connect  the  mating 
fixture , 


As  «  structural  memler,  the  total  length  of  the  composite  tube  is 
fixed.  An  Increase  in  the  joint  length  naturally  causes  a  decrease  in  t lie  uniform 
Meet  ion  portion  of  the  composite  tube*.  Consequently,  the  increase  of  weight  due 
to  longer  Joint  length  is  partially  compensated  by  a  shorter  basic  tube  section. 
Since  the  joint  length  is  a  design  parameter,  the  total  joint  weight  doeB  not 
retluct  the  add  1  tonal  weight  superimposed  to  the  tube. 

Tor  this  reason  the  shim  joint  objective  function  is  defined  as: 

w  -  w,  +  w  +  w  +  w.  +  w 

o  fg  s  r  l  p 

-  f  '“c2  -  ■>,*>  yf8  <»> 

which  is  the  weight  added  to  the  structural  member  by  the  attachment. 
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C*.2.l*.J  OPTIMUM  DESIGN 

Now  the  doaign  problem  may  be  Htniwd  an!  to  find  the  minimum  of 

equation  27  nuhjvctcd  to  thu  condition  of  equal  lorn*  In  through  21.  Thor#  are  a 

number  of  directly  applicable  mat hemal leal  method*  for  the  aolution  of  thfa 

typo  problem.  The  method  ho  lee  tod  In  thi«  Mtudy  waa  the  ateepaat  descent.  The 

net  attachment  weight  wna  taken  «s  the  ohjoctlva  tunctlon  and  the  eondlliona 

, 'equations  if)  to  21  wore  treated  as  constraints.  Then  the  objective  function  was 
minimised  under  the  constraints. 

The  method  used  is  a  descent  routine.  .Starling  with  an  initial 
solution,  steps  are  taken  towards  new  points  at  which  the  value  of  the  objective 
function  is  Improved.  The  Iteration  process  continues  until  a  minimum  Is  reached. 
(Rofercnou  b,  p.  95) 

The  procedure  described  above  bns  been  programmed  in  Fortran  IV  to 
form  a  basic  optimisation  routine.  The  routine  lias  been  successfully  used  for 
numerous  design  problems,  When  applied  to  the  design  of  shim  joints,  the  input 
canal sts  oi  : 

1.  Number  of  design  parameter,  number  of  constraints. 

2.  limit  ot  intern  Lice  oycLes. 

3.  initial  stop  length. 

4.  Tolerance  range  for  end)  constraint. 

5.  Applied  load. 
t>.  Tube  geometry. 

7.  Mechanical  properties  of  materials. 

8.  Design  constraints. 

9.  Initial  design  parameters. 

10.  Optimal  information. 

If  allowable  stress  is  expressed  as  a  function  of  design  parameters, 
it  is  convenient  to  incorporate  allowable  stress  expressions  in  the  program. 

The  program  output  consists  oi  : 

1.  Design  parameter. 
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2.  Information  concur n in#  nny  violation  of  conatralntM, 

:i.  Direction  of  movement. 

4,  Wt»  1  rtht  of  vault  fliiln  joint  component . 

5.  Value*  of  the  object  ivu  function. 

The  program  wax  executed  on  an  IBM  .160/44  computer.  Artificial 

constraint*  may  bo  uddod  te  improve  convergence.  lor  example,  the  minimum 

practical  values  of  a,  t  and  t  may  ba  treated  ua  artificial  constraints.  Fell” 

m  r 

six  design  variables  und  eleven  constraints  (Including  artificial  constraints 
for  convenience)  the  average  running  time  was  five  to  six  minutes.  It  was  observed 
that,  usually  after  twenty-five  iterations  tin*  variation  of  objective  function  was 
in  the  order  of  one  thousandth  of  a  pound.  It  was  also  observed  that  different 
sets  of  reasonable  Initial  conditions  all  lead  to  practically  identical  objective 
function  and  design  parameters.  For  all  practical  purpose  the  objective  function 
obtained  in  twenty-five  iterations  may  he  taken  as  the  minimum  and  the  corres¬ 
ponding  design  parameters  the  optimum  design. 

6. 2. 1.4. 4  EXAMPLE 


The  optimization  procedure  was  used  to  design  the  tubular  joint  for 
the  final  structural  test  of  this  program.  The  design  allowable  expressions 
obtained  from  the  flat  plate  data  were  used  in  the  constraint  equations  16  throogh 
21.  The  design  was  performed  with  the  following  parameters  fixed: 


D  *  1.0  In. 

D, 

=  2.923  In. 
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U  J  =  3.095  In. 
oj 

D  /D.  =  0.3 

op  ip 

F  *  260  ksi 

“u 
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-  2.333  In. 

-  110  ksi 

tu 

su 

t  =  0.009  In. 

t 

=  0.006  In. 

a  c 

u>  =  0.074  Lb . /In  •  ^ 

=  0.283  Lb. /In. J  w  -  0.040  Lb. /In. 3 
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With  exception  of  (number  of  pins),  the  remaining  design  parameters  were 


allowed  to  vary  in  the  optimization  routine. 

The  routine  does  not  handle  discrete  variables  and  it  was  impractical 


to  treat  N  as  a  continuous, var iable .  To  determine  the  optimum  number  of  pins, 
P 


the  number  of  N  was  varied  in  consecutive  runs  having  otherwise  identical  input. 
P 


The  resulting  joint  designs  are  shown  in  Table  1.  The  table  includes  both,  a) 
the  weight  added  to  the  basic  tube  by  the  reinforcement  and  pins(objective  function)! 


and  b)  the  total  weight  of  the  joint  section.  The  pins  were  considered  to  be 
hollow  and  made  from  180  ksi  ultimate  tensile  strength  steel. 


The  objective  function  is  plotted  as  a  function  of  in  Figure 


6. 2. 1-9.  As  the  plot  indicates,  the  eleven  pin  configuration  is  clearly  the 
optimum  one  for  the  specified  problem. 


A  comparison  can  be  made  by  studying  a  composite  tube  having  shim 
joints  with  tubes  of  other  materials  designed  to  meet  the  same  loading  requirement, 
In  Figure  6.2.1-10  the  weights  of  constant  strength  tubes  have  been  plotted 


versus  tube  length,  The  metal  tubes  are  assumed  to  have  Identical  strength  in 
tension  and  compression.  Two  curves  are  shown  to  reflect  the  different  tensile 


and  compressive  strengths  of  5,O°:l,90°  fiber  glass.  Thin  wall  buckling  and 


column  buckling  are  not  considered.  The  fiber  glass  tube  weights  include  0.7 

pound  to  reflect  the  weight  added  to  both  ends  of  the  tube  by  the  minimum  weight 
eleven  pin  attachment  of  the  previous  section. 

Examination  of  figure  6.2! 1-10  reveals  that  for  design  governed  by 

tensile  strength,  fiber  glass  tubes  are  more  efficient  than  aluminum  for  tube 

length  of  5.0  inches  or  larger  and  lighter  than  steel  or  titanium  for  tube  lengths 

exceeding  7.5  inches.  If  compressive  strength  governs  the  tube  design,  fiber 
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glass  Is  more  efficient  than  aluminum  for  lengths  greater  than  6.5  inches,  and 

lighter  than  steel  or  titanium  tube  lengths  exceeding  12.0  inches. 

6. 2. 1.5  MATERIALS  AND  FABRICATION 

Materials 

The  filament  composite  materials  employed  in  this  study  consisted 
of  AF-994  glass  filaments  and  Shell  Gnomical  Company’s  58-68R  resin  system. 

The  metal  shim  was  made  of  AM-335  steel  coil,  eight  inches  wide, 

0.02  inch  thick,  and  of  continuous  length.  The-  shim  cleaning  procedure  employed 

was  originally  developed  and  reported  in  Reference  e. 

The  bond  between  the  corrosion  resistant  steel  shims  and  the  filament 

composite  material  was  provided  by  a  structural  adhesive.  Two  types  of  adhesives 

were  evaluated.  The  first  was  BR-  1009-49  tack  primer  as  supplied  by  the  .\merican 

Cyanimid  Corporation,  and  the  second  was  AF—  111  s:  r  ... aural  adhesive  fiber  furnished 

by  the  3M  Corporation.  BR-1009-49  tack  primer  was  utilized  during  the  early  phase 

of  the  program.  A  primer  coating  of  uniform  thickness  of  approximately  0.005  inch 

was  obtained,  and  was  oven  cured  for  BO  minutes  at  315°F.  AF-111  structural  film 

was  utilized  during  the  later  phase  of  the  program.  The  adhesive  film  was  applied 

to  the  steel  shim  and  stored  at  40° F  until  ready  for  use. 

Holes  were  drilled  through  the  fiber-resin-shim-composite  to  permit 
insertion  of  shear  pins.  Carbide-tipped  or  full  carbide  drills  were  used.  Holes 

larger  than  0.250  inch  diameter  can  be  drilled  In  successive  steps  ol  approximately 

0.375  inch  diameter  increase  per  step. 

b .  2 . 1 . 5 . 1  FLAT  PLATE  SPEC l  MENS 

The  flat  plate  filament  composite  specimens  utilized  in  this  program 
were  specially  wound  on  a  winding  machine.  The  test  specimens  were  wound  over 
twelve-inch  by  two-inch  aluminum  mandrels. 
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Guide  blocks  were  provided  on  one  end  of  the  mandrels  to  facilitate 

locating  t lie  metal  shims  as  they  were  wound  into  the  ends  of  the  specimens.  Two 
specimens  were  wound  simultaneously  by  utilizing  both  sides  of  the  mandrel.  The 
wrapped  mandrels  were  then  cured  for  four  hours  at  350°F.  The  specimens  were 

removed  from  the  mandrel  by  cutting  the  glass  composite  along  the  edges  with  a  high 
speed  cutting  disk.  The  sides  and  ends  were  trimmed  with  a  hand  saw  and  flat  plate 

disk  sender. 

b.2.1.5.:  TUBES 

Open  end  cylinders  were  fabricated  two  at  a  time  by  winding  a  double 
length  cylinder  and  then  cutting  it  into  two  cylinders.  The  cylinders  were  wound 

over  mandrels  machined  from  salt  block  which  was  later  removed  by  dissolving  in  hot 
water.  Thin  corrosion  resi stant  ‘steel  shims,  in  die  form  of  narrow  circumferential 
bands,  were  wound  into  the  cylinders  on  each  side  of  the  planned  cut  which  would 
separate  the  two  cylinders.  Subsequent  to  removal  of  the  salt  mandrel,  a  circum¬ 
ferential  row  of  holes  was  drilled  through  the  wall  of  each  cylinder  in  the  shim 

area  for  later  insertion  of  shear  pins. 
b.Z.L.t  STRUCTURAL  TEST 

b.  2. 1.6.1  TEST  FIXTURES 

Ultimate  strength  testing  oi  the  final  tubular  joint  design  required 

the  lubrication  of  two  separate  test  fixtures.  One  fixture  is  a  olevis-type 
which  mates  with  the  reinforced  attachment  area  of  the  tube  to  form  the  pin  joint. 

« 

The  fixture  was  fabricated  in  two  pieces  to  avoid  the  expensive  machining  which 
would  he  required  by  a  monolithic  assembly.  The  two  pieces  were  held  tightly 
together  by  a  nut  during  drilling  of  the  pin  holes.  The  nut  was  used  to  insure  that 
equal  loads  would  be  applied  to  the  pins  on  the  inside  and  outside  diameter  of  the 
tube . 

The  second  test  fixture  (Reference  b,  pp  97-100)  held  the  opposite 

end  of  the  tubular  specimen  which  was  reinforced  only  by  four  additional  layers  of 
filament  material.  The  fixture  employed  a  friction  gripping  technique.  A  schematic 
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of  the  fixture  is  shown  in  Figure  6.2.1-11. 

6. 2. 1.6. 2  TENSION  TEST  OF  TUBULAR  JOINT 

A  3.0  inch  outside  diameter  tube  was  fabricated  with  steel  reinforced  end  to  test 

the  shim  joint  concept  in  a  full  scale  structural  member.  The  test  specimen  was 

designed  to  fail  in  the  attachment  area  since  the  program  is  oriented  to  refine- 

% 

ment  of  shin  Joint  design  technology.  The  basic  tube  was  fabricated  with  a  5,0°: 

1,90°  wrap  pattern  to  a  wall  thickness  of  0.072  inches.  The  ultimate  tensile  load 

for  the  tube  was  found  to  be  .150  kips  (Reference  c,  pp  2-19).  The  specimen  was 

loaded  in  an  Olsen  Machine  to  an  ultimate  tension  load  of  135.5  kips.  Fracture 

occurred  in  the  outer  fiber  glass  layer  at  the  edge  of  the  outside  shim.  It  is 

felt  that  both  the  test  fixtures  and  the  shim  joint  did  perform  well. 

6. 2.; 1.6. 3  COMPRESSION  TEST  OF  TUBULAR  JOINT 

The  tension  clevis  fixture  and  the  jacket  of  the  friction  grip  fixture 
was  used  to  conduct  the  compression  test.  A  cerrohend  plug  was  cast  to  reinforce 

the  inside  diameter  of  the  nonreinforced  tube  end.  The  test  specimen  was  identical 
to  the  tension  specimen.  The  ultimate  compressive  load  for  the  tube  was  fouhd 
to  be  about  51.0  kips.  The  attachment  area  suffered  no  discernible  damage. 
b.2.1.7  CONCLUSIONS 

The  following  conclusions  may  be  made: 

1.  Design  parameters  can  be  optimized  conveniently  by  the  structural 
synthesis  approach  in  determining  the  minimum  weight  configuration. 

2.  The  shin  joint,  concept  can  be  successfully  applied  to  composite 
members  without  prohibitive  attachment  weight  penalties. 
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7*0  JOINT  CONKEHRAWONS  FOR  MBHOtt  MALI  MOML  VWCIJi 
7,1  T:»  use  of  iQkli  model  raplioas  for  vehicle  atruotural  dywwio*  studies 

ean  provide  the  dtaigner  with  valuable  information  on  proposed  designs  early  la 
their  development  oyole.  'ty  their  use,  structural  modifications  and  payload 
changes  can  be  »/aluated  without  expansive  full-scale  ocnatruotion  and  testing* 

particularly  for  tht  largo ,  complex  vehld*. 

This  Section  dirauosss  tht  l/lo  tool#  ttruoturol  rtplioa  of  tht  Kfi olio/ 
Saturn  V  and  it  intoudod  to  providt  deelgnsrs  with  come  insight  to  tht  ooapromittt 
which  oan  dictate  leviationa  from  true  rtplioa  reproduction  in  the  area  of  missile  , 
Joints , 

The  decision  to  provide  a  scaled -down  rtplioa  of  the  prototype  Joint* 
or  to  simulate  it  by  its  dynamic  and  dampening  equivalent  is  dictated  by  the 

following  considerations:  • 

a.  Present  fabrication  practice's  and  limitations. 

b.  Access  requirements  unique  to  the  model.  . 

o.  Assembly  problems  created  by  the  »ize  reduction. 

d.  Requirement  for  equivalent  'dynamic  properties. 

e.  Fabrication  properties  of  alternative  alloys. 

f.  Size  of  scaled-down  fastener  components. 

g.  Economic  alternatives  of  simulation  vs  soale  duplication  of  the 
Joint . 

7U1>.1  Structural  Joints 

7.1.2  The  Joint  illustration  in  Figure  7*1*£-1  is  typical  of  a  design  vari¬ 
ation  required  to  permit  assembly  of  the  structural  components.  This  Joint  depicts 
the  S-IV-B  aft-bulkhead-common-bulkhaad  Joint.  In  full  soale  (Figure  7»l'A'*la'}9 
the  fabrication  is  by  rivets  and  welds.  The  l/lO  scale  model  permits  the  final 
closure  to  be  effected  externally.  The  bulkhead  structure  near  the  Joint  was 
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locally  modified  by  adding  a  relatively  heavy  adapter  ring  to  which  the  bulkhead 
was  riveted .  This  ring  was  then  bolted  to  tlie  skin  fi  tm  the  outside  and  a  head 
of  sealant  compound  applied  at  the  intersection  of  the  common  bulkhead  and  the 
LH2  tank  wall.  The  resultant  joint  therefore,  is  not  a  true  representation  of 
the  full-scale  component. 

7.1.3  An  indication  of  the  degree  to  which  the  prototype  is  duplicated  is 
indicated  by  examination  of  the  Joints  of  Figure  7.1.3.2  The  location  of  the 
Joints  detailed  in  this  Figure  is  shown  on  Figure  7»1*3-1  by  the  lettered  circles 
on  the  left  side  of  the  model  drawing.  The  Joints  of  Figure  7.1.3-2  carry  corre¬ 
sponding  letter  identifications. 

7.1.3 *1  Figure  7»1.3-2a  is  the  Junction  of  the  S-IC  fuel  tank  and  the  interbank 
section.  The  fusl-tank  upper  bulkhead,  the  fuel  tank  wall,  and  the  intertank 
section  sire  Joined  by  a  Y-ring  assembly.  There  exists  a  deviation  from  replica 
scaling  in  that  one  leg  of  the  Y-ring  is  attached  by  a  bolted  flange  to  allow 
access  to  the  interbank  interior  areas.  The  iutertank  Y-ring  connection  is  an 
unusual  Joint,  made  necessary  by  the  complex  corrugated  interbank  skin,  and  con¬ 
sists  of  channeled  strips  attached  alternately  to  the  inside  and  outside  surfaces 
of  the  Y-rlng  leg  from  the  corrugated  intertank  surface. 

A  similar  Joint  (Figure  7,l.j-£b)  is  used  at  the  intersection  of  the 
lower  LGX  tajik-bulkhsad-LOX -tank-wall  sued  intertank  structure.  This  Joint,  however 
is  closed  by  a  weld  rather  than  by  the  bolted  flange  connection.  At  the  Junction 
of  the  S-IC  hOX  tank  upper  bulkhead  and  tank-wall-  forward-skirt  interface  shown 
in  Figure  7.1*3-2c,  a  variation  was  utilized  in  the  model  structure.  In  order 
to  complete  the  final  weld  in  the  Joint,  the  Y-ring  was  fabricated  in  two  pieces 
and  the  shorter  leg  was  spotvelded  to  the  locally-  thickened  forward-skirt  skin. 

The  closure  was  then  effected  by  an  external  veld.  The  resultant  hardware  has  the 
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7.1.3 .1  (Continued) 


same  basic  dimensional  properties  as  would  have  resulted  from  direct  geometric 
scaling. 

7. 1.3- 2  The  model  Joints  shown  in  Figures  7*1.3-2d  and  7,1.3-2e  are  scaled  dup¬ 
licates  of  prototype  joints  with  the  exception  that  the  number  of  fasteners  used 
in  the  modal  is  less  than  the  number  required  onthe  prototype.  The  fasteners 
however,  are  3ized  so  that  the  total  fastener  area  was  a  scaled  quantity.  The 
application  of  replica  scaling  to  the  joint  of  7 -1.3 -2d  was  judged  to  be  the 
most  expedient  approach  since  considerable  engineering  time  would  have  been  re- 
quired  to  properly  design  a  more  easily  manufactured  connection  with  comparable 
dynamic  properties.  T:'urther,  the  scaling  laws  applicable  to  a  joint  of  this  type 
are  not  sufficiently  defined  to  permit  evaluation  of  any  alternate  design,  parti¬ 
cularly  the  effect  of  the  pinned-truss  ring  frame  braces. 

7. 1.3- 3  The  remaining  structural  joints  of  Figures  7„1.2-2b  through  7.1.3-2L 

are  essentially  scaled  duplicates  of  the  full-scale  structure  except  for  deviations 
in  "ing-frame  and  bulkhead  construction  dictated  by  fabrication  time  and  cost 
considerations.  The  alternative  l»3ign  approach  permitted  the  use  of  manufacturing1 
procedures  which  produced  geometrically  similar  structural  components  with  fewer 
and  less  intricate  machine  processes.  The  resultant  structures  have  the  same 
structural  dynamic  properties  as  the  more  complex  exact  miniturizations  of  the 
full  scale  structure. 

7.2  Fabrication  Problems 

7.2.1  Other  fabrication  problems,  not  classified  a3  design  deviations,  include 
machining  processes,  metal  forming  procedures,  machine  and  chemical  milling 
tolerances,  fastening  methods,  and  welding  techniques.  1  Not  only  can  the  solution 
of  these  problems  dictate  the  degree  to  which  a  given  launch  vehicle  can  be  repro¬ 
duced  to  a  specified  reduced  scale,  but  they  also  can  be  significant  factors  in 
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7.2.1  (Continued) 

establishing  the  economic  feasibility  of  a  cquiring  a  dynamic  model  such  as  the 
1/10  scale  Apollo/Saturn  V.  If  the  resulting  fabrication  limitations  are  practi¬ 
cal,  it  may  be  possible  to  duplicate  the  full-scale  structure  at  a  predetermined 
reduced  size  at  less  cost  than  would  be  needed  to  simulate  the  structure  by  em¬ 
ploying  corresponding  expensive  engineering  time. 

A  factor  found  to  be  beneficial  for  fabricating  the  model  joints  Included 
methods  employed  to  make  the  required  assembly  attachments.  The  full-scale 
Joints  were  fabricated  with  appropriate  weldments ,  bolts,  nuts  and  rivets. 
Obviously  the  components  of  the  smaller  model  must  be  assembled  by  other  methods 
because  of  the  impracticability  of  the  reduced  scale  attachment  hardware.  There 
must  be  a  compromise  both  in  type  and  the  number  of  simulated  fasteners.  Also, 
it  la  generally  accepted  that  whenever  an  effort  Is  made  to  approximate  the 
structural  dynamic  properties  of  a  complex  structure,  the  detail  design  of  the 
joints  and  attachment  hardware  should  be  conservative  with  a  resulting  excess¬ 
ively  stiff  component  since  any  effort  to  scale  directly  the  size  and  number  of 
bolts  and  rivets  would  be  Impractical  both  from  a  manufacturing  and  assembly 
viewpoint . 

In  addition,  although  it  is  true  that  these  can  be  some  conservative  dis¬ 
tortion  of  the  Joint  stiffness  properties,  there  can  be  little  hope  of  achieving 
any  degree  of  success  in  reproducing  desired  damping  characteristics  when  rivets 
and  bolts  are  replaced  by  spot  welds.  Generally,  bolted  Joints  can  be  repre¬ 
sented  by  using  convienlent,  commercially  available  fasteners,  such  as  0-80 
screws,  a  lesser  number  of  fasteners  being  used,  the  number  of  which  is  determined 
from  the  correctly  scaled  fastener  area.  This  design  approximates  the  proper 
stiffness  and  damping. 
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7 .j.A  Replica  scaling  of  tha  main  load  carrying  structural  Joints,  which 
together  with  uthsr  structural  components,  ueoeeeitated  an  extension  of  the 
state-of-the-art  in  fabrication  techniques,  v&s  employed  and  resulted  in  a  model 
which  duplicates  the  full-scale  structure  to  a  high  degree.  Extreme  full  scale 
deslpi  details,  such  as  joint  reproduction,  were  duplicated  in  the  fabrication 
of  the  1/10  scale  model. 

A  careful  analysis  of  the  prototype  structural  detaila  was  required 
to  ascertain  the  practical  and  economic  feasibility  of  duplicating  component 
hardware  to  the  chosen  scale  factor.  Where  model  Joint  deelgn  dictated  elzee 
too  small  to  be  duplicated,  an  acceptable  design  required  that  only  the  correct 
mess  end  stiffness  distributions  be  retained  in  the  model.  Some  Joints  could 
not  be  adequately  defined  by  the  most  rigorous  present-day  dimensional  analysis 
and  therefore  were  built  as  scaled  duplicates  of  the  full  scale  members.  If 
the  Joints  were  of  secondary  importance  from  a  dynamic  viewpoint,  they  were  a 
scaled  replica  because  they  required  less  expenditure  of  effort  with  duplicate 
fabrication  than  with  dynamic  simulation.  All  substitutions  were  carefully 
considered,  however,  lest  their  inclusion  degrade  the  usefulness  of  the  total 
structure  through  either  introduction  of  misleading  response  data  or  the 
suppression  of  critical  responses. 

With  proper  care  in  the  selection  of  the  scale  factor  and  methods  of 
manufacture  and  with  Judicious  evaluation  of  deviations  from  direct  scaled  dup¬ 
lication,  the  replica  models  are  considered  technically  and  economically  feasible 
for  studies  of  the  structural  dynamic  characteristics  of  large  complex  vehicles. 

An  in-depth  description  of  the  project  is  available  in  Reference  ft  , 
from  vhiah  the  information  presented  herein  was  derived. 
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1.  D2-U165  *  Structural  Development  Rot#  #9  -  Sandwich  Material ,  Ray.  3-31-58 

Presents  design  criteria  and  allowables  for  structural  design 
and  stress  analysis  of  sandwloh  components  for  aircraft  application 
Provides  background  in  this  type  of  construction  for  designers. 

2,  NASA.  TN  D-4138  -  Design  and  Fabrication  Considerations  for  a  1/10  -  Scale 
(ASTIC  O5606S) 

Replica  Model  of  the  Appolo/Saturn  V. 
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8.0  dooumutp  option  for  futume  work 

8.1  Originally  planned  aa  a  on*  year  effort,  th*  joint  atudy  vaa  reduoad  by 

•lx  months  dua  to  budgetary  and  manpower  requirements.  Wblla  It  la  reoogalaad 
that  a  great  deal  nora  lnfonaatlon  night  ba  included  In  ttala  document,  it  la  fait 
that  In  lto  praaant  fora  it.  provider  a  useful  tool  to  the  designer  faoad  with  the 
problem  of  alaalla  or  apace  vehicle  joint  design. 

Should  a  dcclalon  ba  forecoming  to  continue  the  effort,  the  immediate 
direction  taken  will  be  to  inveatlgate  raceway  and  other  non * at rue t oral  jolnta. 
Follow-on  effort  will  be  a  report  on  the  Latest  state-of-the-art  in  joint  deai(p> 
concept!,  niaaila  carrier  interface  Joints,  Joint  fastener  hardware,  plumbing  and 
electrical  Joint  interfaces  and  recent  advances  in  materials  and  process  technology 
as  applied  to  missile  Jolnta. 
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